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РЕФЕРАТ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɟɝɨ ɫɛɨɪɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɧɨɣ ɞɟɬɚɥɢ» ɫɨɞɟɪɠɢɬ 98 ɫɬɪɚɧɢɰ 
ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 7 ɩɪɢɥɨɠɟɧɢɣ, 164 ɮɨɪɦɭɥɵ, 23 ɪɢɫɭɧɤɚ, 18 ɬɚɛɥɢɰ, 14 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 5 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ.  
ɊȿȾɍɄɌɈɊ, ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɃ ɉɊɈɐȿɋɋ, ɈɉȿɊȺɐɂə, ɇɈɊɆȺ 
ȼɊȿɆȿɇɂ, ȾɂȺɆȿɌɊ, ɊȺɁɆȿɊ, ɊȺɋɑȿɌ, ɋȻɈɊɄȺ. 
Ɉɛɴɟɤɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɪɟɞɭɤɬɨɪ 
ɩɪɢɜɨɞɚ ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ.  
ɐɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɩɪɢɜɨɞɚ 
ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ 
ɪɟɞɭɤɬɨɪɚ; 
 Ɋɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ; 
 Ɋɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɧɨɣ ɞɟɬɚɥɢ ɪɟɞɭɤɬɨɪɚ. 
Ɂɚɞɚɱɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
 Ɋɚɫɫɱɢɬɚɬɶ ɢ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɢɜɨɞɚ ɢ 
ɪɟɞɭɤɬɨɪɚ; 
 Ⱥɧɚɥɢɡ ɫɥɭɠɟɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɪɟɞɭɤɬɨɪɭ; 
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɦɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟɞɭɤɬɨɪɚ 
ɨɛɨɫɧɨɜɚɬɶ ɦɟɬɨɞɵ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ; 
 Ɉɩɪɟɞɟɥɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɤɨɪɩɭɫɚ 
ɪɟɞɭɤɬɨɪɚ; 
 Ɋɚɫɫɱɢɬɚɬɶ ɢ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ. 
ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ 
ɜɨɩɪɨɫ ɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɲɢɧ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɤɨɧɤɭɪɢɪɨɜɚɧɢɹ ɧɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɚɢɥɭɱɲɢɟ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɟɲɟɧɢɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɢɜɨɞɚ ɢ ɪɟɞɭɤɬɨɪɚ. ɇɚ 
ɨɫɧɨɜɚɧɢɢ ɪɚɡɦɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɜɨɞɚ ɨɛɨɫɧɨɜɚɧɵ ɦɟɬɨɞɵ 
ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ. Ɉɩɪɟɞɟɥɟɧɵ ɪɚɰɢɨɧɚɥɶɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ 
ɡɚɝɨɬɨɜɤɢ ɢ ɪɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɢ ɫɛɨɪɤɢ ɪɟɞɭɤɬɨɪɚ. 
 
    
   
   
   














      ȻɊ-15.03.05-2017.ɉЗ       







Ɋɚɡɪɚɛɨɬɚɥ Дɚɜɵɞɨɜɢɱ   Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɟɝɨ ɫɛɨɪɤɢ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɧɨɣ ɞɟɬɚɥɢ 
 
ɋɬɚɞɢя Ʌɢɫɬ Ʌɢɫɬɨɜ 
ɉɪɨɜɟɪɢɥ Ɂɟɥɟɧɤɨɜɚ    1  
    ɄɌɈɆɉ ɇ.ɤɨɧɬɪɨɥɟɪ    





ȼȼȿȾȿɇɂȿ .......................................................................................................... 3 
1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ .................................................................................. 4 
1.1. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɢ ɮɨɧɞɵ ɜɪɟɦɟɧɢ............................................................ 4 
1.2. Ɋɚɫɱɟɬɵ ɩɨ ɩɪɨɝɪɚɦɦɟ ɜɵɩɭɫɤɚ ............................................................. 5 
1.3. Ɍɢɩ, ɮɨɪɦɚ ɢ ɭɫɥɨɜɢɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ............................... 5 
2. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ .............. 6 
2.1. ɉɨɞɛɨɪ ɞɜɢɝɚɬɟɥɹ .................................................................................... 6 
2.2. Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ .......................................................................... 8 
2.3. Ɋɚɫɱɟɬ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɪɟɞɭɤɬɨɪɚ .................................................... 8 
2.4. Ɋɚɫɱɟɬ ɞɢɚɦɟɬɪɨɜ ɜɚɥɨɜ ........................................................................ 17 
2.5. Ɋɚɫɱɟɬ ɤɥɢɧɨɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ ......................................................... 18 
2.6. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɨɜ ............................................................................. 20 
2.6.1. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɨɜ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɜɚɥɚ ......................................... 20 
2.6.2. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɨɜ ɬɢɯɨɯɨɞɧɨɝɨ ɜɚɥɚ .............................................. 24 
3. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ɭɡɥɚ ............................ 27 
3.1. ɋɥɭɠɟɛɧɨɟ ɧɚɡɧɚɱɟɧɢɟ .......................................................................... 27 
3.2. ȼɵɹɜɥɟɧɢɟ ɡɚɦɵɤɚɸɳɢɯ ɡɜɟɧɶɟɜ ɢ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 
ɢ ɧɨɪɦ ɬɨɱɧɨɫɬɢ ........................................................................................................... 27 
3.3. ȼɵɛɨɪ ɦɟɬɨɞɨɜ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ ................................................. 27 
3.3.1. Ɋɚɡɦɟɪɧɚɹ ɰɟɩɶ α .................................................................................... 28 
3.3.2. Ɋɚɡɦɟɪɧɚɹ ɰɟɩɶ Ⱥ ................................................................................... 30 
3.4. Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɞɟɥɢɹ ................................. 32 
3.5. Ɇɟɬɨɞɵ ɢ ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ ɫɛɨɪɨɱɧɨɝɨ ɢɡɞɟɥɢɹ ................................ 33 
3.6. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ................................. 33 
3.7. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ...................................... 35 
3.7.1. ȼɵɹɜɥɟɧɢɟ ɜɢɞɨɜ ɪɚɛɨɬ ɜɵɩɨɥɧɟɧɵɯ ɩɪɢ ɫɛɨɪɤɟ ɢɡɞɟɥɢɹ ................ 35 
3.7.2. ɋɨɫɬɚɜɥɟɧɢɹ ɩɟɪɟɱɧɹ ɪɚɛɨɬ ɢ ɢɯ ɧɨɪɦɢɪɨɜɚɧɢɟ ................................ 35 
3.8. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɱɢɫɥɚ 
ɪɚɛɨɬɚɸɳɢɯ …………………………………………………………………………..40 
3.9. ɉɥɚɧɢɪɨɜɤɚ ɭɱɚɫɬɤɚ ɫɛɨɪɤɢ .................................................................. 41 
4. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯ. ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ……………42 
4.1. ɋɥɭɠɟɛɧɨɟ ɧɚɡɧɚɱɟɧɢɟ .......................................................................... 42 
4.2. Ɍɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ............................................................................. 42 
4.3. Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ..................................... 45 
4.4. Ɇɟɬɨɞɵ ɢ ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ .................................................................... 46 
4.5. ȼɵɛɨɪ ɷɤɨɧɨɦɢɱɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɨɥɭɱɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ ...... 47 
4.6. Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɛɚɡ......................................... 50 



















       ȻɊ-15.03.05-2017.ɉЗ Ʌɢɫɬ       





4.7. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ......................... 53 
4.8. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɩɭɫɤɨɜ ɢ ɦɟɠɩɟɪɟɯɨɞɧɵɯ ɪɚɡɦɟɪɨɜ. ...................... 57 
4.8.1. Ɋɚɫɱɟɬ ɩɪɢɩɭɫɤɨɜ ɢ ɦɟɠɩɟɪɟɯɨɞɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɮɪɟɡɟɪɨɜɚɧɢɟ 
ɬɨɪɰɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ............................................................... 59 
4.8.2. Ɋɚɫɱɟɬ ɩɪɢɩɭɫɤɨɜ ɢ ɦɟɠɩɟɪɟɯɨɞɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɪɚɫɬɨɱɤɭ ɨɬɜɟɪɫɬɢɹ 
ɜ ɤɨɪɩɭɫɟ …… .............................................................................................................. 63 
4.9. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ...................................... 68 
4.9.1. ɋɬɪɭɤɬɭɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɨɩɟɪɚɰɢɣ ...................................................... 68 
4.9.2. Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ....................................................................... 70 
4.9.3. Ɍɟɯɧɢɱɟɫɤɨɟ ɧɨɪɦɢɪɨɜɚɧɢɟ .................................................................. 75 
4.10. Ⱥɧɚɥɢɡ ɢ ɪɚɫɱɟɬ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ .................................................. 79 
5. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ .................. 82 
5.1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ............... 82 
5.2. Ⱥɧɚɥɢɡ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ, ɜɵɛɨɪ ɷɥɟɦɟɧɬɨɜ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ .......................................................................... 83 
5.3. Ɋɚɫɱɟɬ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ .................................................... 85 
5.4. ɋɢɥɨɜɨɣ ɪɚɫɱɟɬ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ......................................................... 86 
ɁȺɄɅɘɑȿɇɂȿ .................................................................................................. 88 
ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ........................................ 89 
ɉɪɢɥɨɠɟɧɢɟ Ⱥ ɋɯɟɦɚ ɫɛɨɪɤɢ ɪɟɞɭɤɬɨɪɚ ......................................................... 90 
ɉɪɢɥɨɠɟɧɢɟ Ȼ Ʉɨɦɩɥɟɤɬ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɤɨɪɩɭɫɚ 
ɪɟɞɭɤɬɨɪɚ ...................................................................................................................... 91 
ɉɪɢɥɨɠɟɧɢɟ ȼ Ʉɨɦɩɥɟɤɬ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɛɨɪɤɭ ɪɟɞɭɤɬɨɪɚ………………..92 
ɉɪɢɥɨɠɟɧɢɟ Ƚ ɋɛɨɪɨɱɧɵɣ ɱɟɪɬɟɠ ɩɪɢɜɨɞɚ .................................................... 93 
ɉɪɢɥɨɠɟɧɢɟ Ⱦ ɋɛɨɪɨɱɧɵɣ ɱɟɪɬɟɠ ɪɟɞɭɤɬɨɪɚ ................................................ 94 
ɉɪɢɥɨɠɟɧɢɟ ȿ ɑɟɪɬɟɠ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ...................................................... 95 
ɉɪɢɥɨɠɟɧɢɟ ɀ ɋɯɟɦɚ ɧɚɥɚɞɨɤ ......................................................................... 96 



















       ȻɊ-15.03.05-2017.ɉЗ Ʌɢɫɬ       








 ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɜɢɬɢɟ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɜɫɟɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚɭɤɢ 
ɢ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ. ȼɚɠɧɟɣɲɢɦɢ ɭɫɥɨɜɢɹɦɢ ɭɫɤɨɪɟɧɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɟɫɫɚ ɹɜɥɹɸɬɫɹ ɪɨɫɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ, ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɰɢɢ. 
ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ (ȼɄɊ) ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ 
ɩɪɢɨɛɪɟɬɟɧɧɵɯ ɡɧɚɧɢɣ ɩɨ ɨɛɳɟɬɟɯɧɢɱɟɫɤɢɦ ɢ ɫɩɟɰɢɚɥɶɧɵɦ ɞɢɫɰɢɩɥɢɧɚɦ. ɉɪɢ 
ɷɬɨɦ ɪɟɲɚɟɬɫɹ ɛɨɥɶɲɨɣ ɤɨɦɩɥɟɤɫ ɢɧɠɟɧɟɪɧɵɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɞɚɱ. 
ȼɄɊ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɚɡɪɚɛɨɬɤɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ – ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ, ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɡɭɛɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ ɢ ɩɪɢɜɨɞɚ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɢ ɞɪɭɝɢɟ 
ɪɚɛɨɬɵ. ɋɨɫɬɨɢɬ ȼɄɊ ɢɡ ɞɜɭɯ ɝɥɚɜɧɵɯ ɪɚɡɞɟɥɨɜ: ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɡɞɟɥɚ. 
ȼ ɩɟɪɜɨɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɞɟɥɟ, ɹ ɪɚɡɪɚɛɨɬɚɥɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ – ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɢ ɟɝɨ ɫɛɨɪɤɢ ɫ ɭɱɟɬɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɣ. Ɇɧɨɣ ɛɵɥɢ ɩɪɨɪɚɛɨɬɚɧɵ ɬɚɤɢɟ ɜɨɩɪɨɫɵ, ɤɚɤ: ɚɧɚɥɢɡ 
ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɬɚɥɢ; ɪɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ; ɬɟɯɧɢɱɟɫɤɨɟ 
ɧɨɪɦɢɪɨɜɚɧɢɟ; ɪɚɡɪɚɛɨɬɤɚ ɩɥɚɧɢɪɨɜɤɢ ɭɱɚɫɬɤɚ ɫɛɨɪɤɢ ɰɟɯɚ. Ʉɪɨɦɟ ɷɬɨɝɨ ɛɵɥɢ 
ɩɪɨɪɚɛɨɬɚɧɵ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɛɨɪɨɦ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ 
ɡɚɝɨɬɨɜɤɢ. 
Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɡɞɟɥ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚ 
ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ ɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɞɭɤɬɨɪɚ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ.  
ɉɪɢ ɜɵɛɨɪɟ ɬɢɩɚ ɪɟɞɭɤɬɨɪɚ ɞɥɹ ɩɪɢɜɨɞɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ (ɭɫɬɪɨɣɫɬɜɚ) 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ, ɜɚɠɧɟɣɲɢɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ: 
ɡɧɚɱɟɧɢɟ ɢ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɬɪɟɛɭɟɦɚɹ ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ, 
ɄɉȾ, ɦɚɫɫɚ ɢ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɬɪɟɛɨɜɚɧɢɹ ɤ ɭɪɨɜɧɸ ɲɭɦɚ, ɫɬɨɢɦɨɫɬɶ ɢɡɞɟɥɢɹ 
ɢ ɞɪ. ɂɡ ɜɫɟɯ ɜɢɞɨɜ ɩɟɪɟɞɚɱ ɡɭɛɱɚɬɵɟ ɩɟɪɟɞɚɱɢ ɢɦɟɸɬ ɧɚɢɦɟɧɶɲɢɟ ɝɚɛɚɪɢɬɵ, 
ɦɚɫɫɭ, ɫɬɨɢɦɨɫɬɶ ɢ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ. Ɂɭɛɱɚɬɵɟ ɩɟɪɟɞɚɱɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ 
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɟɪɟɞɚɱɚɦɢ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɜ ɪɚɛɨɬɟ, 
ɩɨɫɬɨɹɧɫɬɜɨɦ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ, 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ ɢ ɩɟɪɟɞɚɬɨɱɧɵɯ 
ɨɬɧɨɲɟɧɢɣ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɡɭɛɱɚɬɵɯ ɩɟɪɟɞɚɱ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɬɪɟɛɨɜɚɧɢɹ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɲɭɦ ɩɪɢ ɪɚɛɨɬɟ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ. 
ɉɪɢ ɜɵɛɨɪɟ ɬɢɩɨɜ ɩɟɪɟɞɚɱ, ɜɢɞɚ ɡɚɰɟɩɥɟɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɫɨɫɬɚɜɥɹɸɬ 
ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɹ: ɜ ɪɟɞɭɤɬɨɪɚɯ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ - 85%, ɜ 
ɞɨɪɨɠɧɵɯ ɦɚɲɢɧɚɯ - 75%, ɜ ɚɜɬɨɦɨɛɢɥɹɯ - 10% ɢ ɬ. ɞ. 
Ɉɬ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɯɨɪɨɲɟɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɡɚɜɢɫɢɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɭɥɭɱɲɚɸɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɤɚɱɟɫɬɜɨ ɞɟɬɚɥɟɣ 
ɢ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɡɞɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɦɧɨɝɨɫɬɚɧɨɱɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, 
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ɫɨɜɦɟɳɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɞɪ. ȼɫɟ ɷɬɢ ɮɚɤɬɨɪɵ ɩɪɢɜɨɞɹɬ ɤ ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ 
ɢɡɞɟɥɢɣ ɢ ɫɧɢɠɟɧɢɸ ɢɯ ɫɟɛɟɫɬɨɢɦɨɫɬɢ.  
 




Ɋɢɫɭɧɨɤ 1 ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɪɟɞɭɤɬɨɪ ɫ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɟɣ 
 
Ɂɚɞɚɧɢɟɦ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ȼɄɊ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɞɭɤɬɨɪɚ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ ɥɟɧɬɨɱɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɟɪɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ, 
ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɡɭɛɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ ɢ ɦɭɮɬɵ (ɫɦ. ɪɢɫ. 1)  
Ƚɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ Nɝ = 3000 ɲɬ./ɝɨɞ. 
Ɋɜых = 1,3 ɤȼɬ;  
ωɜых = 13 ɫ-1,  
Lh ɫɪɨɤ ɫɥɭɠɛɵ ɩɟɪɟɞɚɱɢ = 5000 ɱɚɫɨɜ. 
 
1.1. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɢ ɮɨɧɞɵ ɜɪɟɦɟɧɢ 
 
Ʉɚɥɟɧɞɚɪɧɨɟ ɱɢɫɥɨ ɞɧɟɣ – 366. 
Ʉɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɞɧɟɣ – 105. 
ɉɪɚɡɞɧɢɱɧɵɯ ɞɧɟɣ – 12. 
Ɋɟɠɢɦ ɪɚɛɨɬɵ – ɞɜɭɯɫɦɟɧɧɵɣ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ – 8 ɱ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɝɨɞɨɜɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢ ɪɚɛɨɱɢɯ ɦɟɫɬ: 
 
Fɧ = [(366 – 105 – 12) ∙ 8] ∙ 2 = 3984 ɱ. (1) 
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Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ  ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 
ɜɪɟɦɟɧɢ ɧɚ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɟ ɪɟɦɨɧɬɵ ɢ ɩɪɨɮɢɥɚɤɬɢɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮɢɤɨɦ ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ: Fɞ =  3625 ɱ. 
 
 




ɉɫ = N/254 = 3000/254 = 12 ɲɬ. (2) 
   
Ɋɚɡɦɟɪ ɩɚɪɬɢɢ ɡɚɩɭɫɤɚ, ɨɩɪɟɞɟɥɢɦ ɢɡ ɪɚɫɱɟɬɚ ɫɭɬɨɱɧɨɝɨ ɡɚɞɚɧɢɹ: 
 
ɉɡ = ɉɫ ∙ ɚ = 12 ∙ 6 = 72 ɲɬ.  (3) 
 
ɝɞɟ ɚ = 6 - ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɡɚɩɭɫɤɚ ɜ ɞɧɹɯ. 
Ɏɚɤɬɢɱɟɫɤɨɟ ɱɢɫɥɨ ɢɡɞɟɥɢɣ ɜ ɩɚɪɬɢɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɟɨɛɯɨɞɢɦɨ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɨ ɮɚɤɬɢɱɟɫɤɨɦɭ ɡɧɚɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɝɪɭɡɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (ɪɚɛɨɱɢɯ ɦɟɫɬ), ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɞɥɹ ɭɫɥɨɜɢɣ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
Ɍɚɤɬ ɜɵɩɭɫɤɚ ɜ ɦɟɯɚɧɢɱɟɫɤɨɦ ɰɟɯɟ: 
 
ɞɜ
60 F 60 3850
t 77
N 3000
    ɦɢɧ (4) 
 
Ɍɚɤɬ ɜɵɩɭɫɤɚ ɜ ɫɛɨɪɨɱɧɨɦ ɰɟɯɟ:  
 
ɞɜ
60 F 60 4080
t 81,6
N 3000
    ɦɢɧ (5) 
 
1.3. Ɍɢɩ, ɮɨɪɦɚ ɢ ɭɫɥɨɜɢɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 
Ɍɢɩ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ 
ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ, ɢɫɯɨɞɹ ɢɡ ɬɪɭɞɨɟɦɤɨɫɬɢ ɫɛɨɪɤɢ ɢ ɩɪɨɝɪɚɦɦɵ ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɹ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɛɚɡɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ 
ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɫɛɨɪɤɭ ɫɨɫɬɚɜɥɹɸɬ 1 ɱ, ɩɪɢ 
ɦɟɫɹɱɧɨɣ  ɩɪɨɝɪɚɦɦɟ ɜɵɩɭɫɤɚ – 20 ɲɬ., ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɩɪɨɝɪɚɦɦɵ ɜɵɩɭɫɤɚ 3000 ɲɬ./ɝɨɞ (250 ɲɬ./ɦɟɫ.) ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɬɪɭɞɨɟɦɤɨɫɬɢ 
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ɋɪɟɞɧɟɦɟɫɹɱɧɵɣ ɜɵɩɭɫɤ ɢɡɞɟɥɢɣ, ɲɬ., ɩɪɢ ɬɢɩɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɟɞɢɧɢɱɧɨɦ ɦɟɥɤɨ ɫɟɪɢɣɧɨɦ ɫɟɪɢɣɧɨɦ 
ɤɪɭɩɧɨ 
ɫɟɪɢɣɧɨɦ ɦɚɫɫɨɜɨɦ 
>>0,25 >>2,5 --- ɞɨ 80 >>81 >>800 >>801 >>4500 >>4500 
 
ɉɪɨɢɡɜɨɞɫɬɜɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɟɞɢɧɢɱɧɨɦɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ, 
ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɩɪɟɞɦɟɬɧɨ-ɡɚɦɤɧɭɬɵɯ ɭɱɚɫɬɤɨɜ. 
Ɇɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɤɨɪɩɭɫɧɵɯ ɞɟɬɚɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɧɨɝɨɰɟɥɟɜɵɯ ɫɬɚɧɤɨɜ ɫ ɑɉɍ. Ⱦɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɵɫɬɪɭɸ 
ɩɟɪɟɧɚɥɚɞɤɭ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ɉɩɟɪɚɰɢɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɫɥɟɫɚɪɧɨ-ɫɛɨɪɨɱɧɵɟ ɨɩɟɪɚɰɢɢ ɩɨ ɞɥɢɬɟɥɶɧɨɫɬɢ ɧɟ 
ɫɢɧɯɪɨɧɢɡɢɪɭɸɬɫɹ, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɦ – ɧɟ ɩɨɬɨɱɧɭɸ ɮɨɪɦɭ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 
 
2. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ 
 
2.1. ɉɨɞɛɨɪ ɞɜɢɝɚɬɟɥɹ 
 
Ɉɫɧɨɜɧɵɦɢ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɜɵɛɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɹɜɥɹɸɬɫɹ 
ɦɨɳɧɨɫɬɶ ɧɚ ɜɵɯɨɞɧɨɦ ɜɚɥɭ ɩɪɢɜɨɞɚ ɢ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɟɝɨ ɜɚɥɚ. ȼ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɪɚɫɫɱɢɬɚɟɦ ɬɪɟɛɭɟɦɭɸ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ: 
 ʟ˕˓ =  ʟ˅ы˘𝜂ˑ˄˜, ɝɞɟ (6) 
 
Ɋɬɪ - ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɤȼɬ;  
Ɋɜых - ɦɨɳɧɨɫɬɶ ɧɚ ɜɵɯɨɞɧɨɦ ɜɚɥɭ ɩɪɢɜɨɞɚ, ɤȼɬ;  
ηɨɛщ - ɨɛɳɢɣ ɄɉȾ ɩɪɢɜɨɞɚ. ɉɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɦɟɯɚɧɢɡɦɨɜ ɨɛɳɢɣ ɄɉȾ ɩɪɢɜɨɞɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɡɧɚɱɟɧɢɣ ɄɉȾ ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ ɦɟɯɚɧɢɡɦ. 
 
ηɨɛщ = ηз.ɩ.∙ ηɪ.ɩ, ɝɞɟ (7) 
   
ηз.ɩ.- ɄɉȾ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ,  
ηɪ.ɩ ɄɉȾ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ. 
Ɋɟɤɨɦɟɧɞɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɄɉȾ ɞɚɧɧɨɝɨ ɜɢɞɚ ɩɟɪɟɞɚɱɢ:  
ηз.ɩ. = 0,97; 
ηɦ.. = 0,98; 
ηɪ.ɩ. = 0,96. 
 
ηɨɛщ = 0,97.∙ Ͳ,ͻ͸ ∙ Ͳ,ͻͺ = Ͳ,ͻͳʹͷ͹͸ 
 
Ɍɨɝɞɚ: 
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 ʟ˕˓ =  ଵ,ଷ଴,ଽଵଶହ଻଺ = 1,4 ɤȼɬ 
 
ȼɵɛɢɪɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ (Ɋɞɜ), ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ Ɋɞɜ≥Ɋɬɪ Ɍ.ɨ. ɜɵɛɪɚɥɢ ɞɜɢɝɚɬɟɥɶ ɦɨɳɧɨɫɬɶɸ 1,5 ɤȼɬ (Ɋɞɜ = 1,5 ɤȼɬ). Ⱦɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɬɚɤɨɣ ɦɨɳɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɡɧɚɱɟɧɢɣ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ. 
ɉɨɫɱɢɬɚɟɦ ɧɟɫɤɨɥɶɤɨ ɞɜɢɝɚɬɟɥɟɣ ɫ ɪɚɡɧɵɦ ɡɧɚɱɟɧɢɟɦ ɫɢɧɯɪɨɧɧɨɣ 
ɱɚɫɬɨɬɵ (ɬɚɛ.2): 
 
Ɍɚɛɥɢɰɚ 2 ȼɵɛɨɪ ɞɜɢɝɚɬɟɥɹ 
nɞɜ (ɨɛ/ɦɢɧ) 2850 1395 925 702 
Uɩɪ0 22,95 11,23 7,45 5,65 
Uɪ.ɩ. 2 2 2 2 
Uɪɟɞ. 11,5 5,6 3,7 2,8 
Ɍɢɩ ɪɟɞɭɤɬɨɪɚ ɐ2, Ʉɐ, ɑ, ɉ2 ɐ, Ʉɐ, ɉ ɐ, Ʉ, ɉ ɐ, Ʉ, ɉ 
 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɧɚ ɜɵɯɨɞɟ ɩɪɢɜɨɞɚ 
 ݊˅ы˘ =  ଷ଴ ∙ 𝜔˅ы˘𝜋 =  ଷ଴ ∙ଵଷଷ,ଵସ = ͳʹͶ,ʹ ɨɛ/ɦɢɧ. (8) 
 
ɉɨɫɱɢɬɚɟɦ ɬɪɟɛɭɟɦɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
nɬɪ = nɜыхU1 U2…… Un, ɝɞɟ (9) 
 
U1 U2…… Un – ɩɟɪɟɞɚɬɨɱɧɵɟ ɱɢɫɥɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪ ɩɪɢɜɨɞɚ. ȼɨɡɶɦɟɦ ɢɯ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ: 
 
nɬɪ = 124,2 ∙ 2,5 ∙ 4,4 = 1366,2 ɨɛ/ɦɢɧ. 
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɨɞɛɢɪɚɟɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɬɢɩɚ ȺɂɊ80ȼ4. 
 Ɋɞɜ = 1,5 ɤȼɬ,  
nɧɨɦ = 1500 ɨɛ/ɦɢɧ,  






ɉɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɜɵɛɪɚɧɧɨɝɨ ɦɧɨɣ ɞɜɢɝɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 11,23 
U1 = 2,00569 
U2 = 5,6 
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ɍɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 𝜔ˇ˅ =  𝜋 ∙ ௡ˇ˅ଷ଴ =  ଷ,ଵସ ∙ ଵଷଽହଷ଴ =  ͳͶ͸,Ͳͳ ˓˃ˇ/˔ˈˍ. (11) 
 
2.2. Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
 
Ɇɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: 
 
Ɋ = Ɍ ∙ ω, ɝɞɟ (12) 
Ɋ - ɦɨɳɧɨɫɬɶ, ȼɬ; 
Ɍ- ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɇ ∙ ɦ; 
ω - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ, ɪɚɞ/ɫ. 
ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ: 
 
Ɋ1 = Ɋɬɪ = 1,5 ɤȼɬ; 
 
ω1 = ωɞɜ = 146,01 ɪɚɞ/ɫɟɤ; 
 ʡଵ =  ʟభ𝜔భ =  ଵହ଴଴ଵସ଺,଴ଵ = 10,273 ɇ ∙ ɦ; 
 
Ɋ2 = Ɋ1 ∙ ηɪ..ɩ. = 1,5 ∙ 0,96 = 1,44 ɤȼɬ; 
 
ω2 = 𝜔భ௎భ  = ଵସ଺,଴ଵଶ,଴଴ହ଺ଽ = 72,79789 ɪɚɞ/ɫɟɤ; 
 ʡଶ =  ʟమ𝜔మ =  ଵସସ଴଻ଶ,଻ଽ଻଼ଽ = 19,78 ɇ ∙ ɦ; 
 
Ɋ3 = Ɋ2 ∙ ηз..ɩ. = 1,44 ∙ 0,97 = 1,3968 ɤȼɬ; 
 
ω3 = 𝜔మ௎మ  = ଻ଶ,଻ଽ଻଼ଽହ,଺ =  13 ɪɚɞ/ɫɟɤ; 
 ʡଷ =  ʟయ𝜔య =  ଵଷଽ଺,଼ଵଷ = 107,446 ɇ ∙ ɦ; 
 
2.3.  Ɋɚɫɱɟɬ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɪɟɞɭɤɬɨɪɚ 
 
ȼɵɛɟɪɟɦ ɦɚɬɟɪɢɚɥ ɞɥɹ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ ɩɟɪɟɞɚɱɢ. 
ɉɪɢɦɟɦ ɫɥɟɞɭɸɳɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɚɥɟɣ ɞɥɹ ɤɨɥɟɫɚ ɢ 
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Ʉɨɥɟɫɨ 40ɏ ɍɥɭɱɲɟɧɢɟ 200 125 790 640 235-262 
ɒɟɫɬɟɪɧɹ 40ɏ ɍɥɭɱɲɟɧɢɟ 125 80 900 750 269-302 
 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ ɞɨɩɭɫɤɚɟɦɵɯ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɲɟɫɬɟɪɧɢ 
ɢ ɤɨɥɟɫɚ. 
ɉɪɢɦɟɦ ɜ ɞɚɥɶɧɟɣɲɟɦ, ɱɬɨ ɜɟɥɢɱɢɧɵ, ɢɦɟɸɳɢɟ ɢɧɞɟɤɫ «1» ɨɬɧɨɫɹɬɫɹ ɤ 
ɲɟɫɬɟɪɧɟ, ɚ ɫ ɢɧɞɟɤɫɨɦ «2» - ɤ ɤɨɥɟɫɭ. 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ ɞɨɩɭɫɤɚɟɦɵɯ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ [σ]H ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ȽɈɋɌ 21354-75: 
 [𝜎]ʜ =  𝜎ʜʝ ∙ ௄𝐻𝐿ௌ𝐻 , ɝɞɟ (13) 
 
σɇɈ - ɩɪɟɞɟɥ ɤɨɧɬɚɤɬɧɨɣ ɜɵɧɨɫɥɢɜɨɫɬɢ ɩɪɢ ɛɚɡɨɜɨɦ ɱɢɫɥɟ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɹ; 
SH = 1,1 - ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɫɦ. ɬɚɛ. 4) 
 





ɋɬɚɥɶ σɇɈ, Ɇɉɚ SH 
ɇɨɪɦɚɥɢɡɚɰɢɹ, ɭɥɭɱɲɟɧɢɟ  350 HB ɍɝɥɟɪɨɞɢɫɬɚɹ ɢ 
ɥɟɝɢɪɨɜɚɧɧɚɹ (40, 
45, 40ɏ, 40ɏɇ) 
2 ɇȼ0 + 70 1,1 
 
KHL - ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. ȼɵɱɢɫɥɢɦ σɇɈ ɞɥɹ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ: 
 
σɇɈ1 = 2 ∙ 300 + 70 = 670 Ɇɉɚ; 
 
σɇɈ2 = 2 ∙ 260 + 70 = 590 Ɇɉɚ, 
 
Ⱦɥɹ ɞɥɢɬɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɩɟɪɟɞɚɱ ɩɪɢ NHE > NHO ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɪɚɜɟɧ 
 ܭு௅ =  √ே𝐻𝑂ே𝐻ಶయ  ≥ Ͳ,͹ͷ, ɝɞɟ (14) 
 
NHO  - ɡɧɚɱɟɧɢɟ ɛɚɡɨɜɨɝɨ ɱɢɫɥɚ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɹ; 
NHE - ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɟɫɶ ɫɪɨɤ ɫɥɭɠɛɵ ɩɟɪɟɞɚɱɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɟɠɢɦɟ ɧɚɝɪɭɠɟɧɢɹ. 
ȼɵɱɢɫɥɢɦ NHO ɞɥɹ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ: 
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NHO1 = 30(HB)2,4 = 30∙3002,4 = 3091590917; 
 
NHO2 = 30(HB)2,4 = 30∙2602,4 = 2192941500. 
 
ȼɵɱɢɫɥɢɦ NHE ɞɥɹ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ ɩɨ ɮɨɪɦɭɥɟ: 
 
NHE = 60 ∙ c ∙ Lh ∙ n, ɝɞɟ (15) 
 
n - ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɲɟɫɬɟɪɧɢ (ɤɨɥɟɫɚ), ɦɢɧ-1; 
Lh - ɫɪɨɤ ɫɥɭɠɛɵ ɩɟɪɟɞɚɱɢ ɩɨɞ ɧɚɝɪɭɡɤɨɣ, ɱ; 
c - ɱɢɫɥɨ ɡɚɰɟɩɥɟɧɢɣ ɡɭɛɚ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɤɨɥɟɫɚ; c = 1 
 ݊ଵ =  ଷ଴ ∙ 𝜔మ𝜋 =  ଷ଴ ∙ ଻ଶ,଻ଽ଻଼ଽଷ,ଵସ  = 695,17 ɨɛ/ɦɢɧ; 
 ݊ଶ =  ଷ଴ ∙ 𝜔య𝜋 =  ଷ଴ ∙ ଵଷଷ,ଵସ  = 124,14 ɨɛ/ɦɢɧ; 
 
NHE1 = 60 ∙ 1 ∙ 5000 ∙ 695,17 = 208551000 
 
NHE2 = 60 ∙ 1 ∙ 5000 ∙ 124,14 = 37242000 
 
Ɍɚɤ ɤɚɤ NHE < NHO ,KHL = 1. Ɉɩɪɟɞɟɥɢɦ ɞɨɩɭɫɤɚɟɦɵɟ ɤɨɧɬɚɤɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ [σ]H  ɞɥɹ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ: 
 [𝜎]ʜଵ =  𝜎ʜʝభ ∙ ௄𝐻𝐿భௌ𝐻భ = ଺଻଴ ∙ ଵଵ,ଵ = ͸Ͳͻ,Ͳͻ Ɇɉɚ; 
 [𝜎]ʜଶ =  𝜎ʜʝమ ∙ ௄𝐻𝐿మௌ𝐻మ = ହଽ଴ ∙ ଵ ଵ,ଵ = ͷ͵͸,͵͸ Ɇɉɚ; 
 
[σ]H = [σ]H2 = 536,36 Ɇɉɚ. 
 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ ɞɨɩɭɫɤɚɟɦɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɪɚɫɱɟɬɟ ɡɭɛɶɟɜ ɧɚ 
ɢɡɝɢɛ. 
Ⱦɨɩɭɫɤɚɟɦɵɟ ɧɚɩɪɹɠɟɧɢɹ ɢɡɝɢɛɚ [σ]F  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 [𝜎]ி =  𝜎ಷʝ ∙ ௒ೋ ∙ ௒𝐴 ∙ ௄ಷ𝐿 ∙ ௒ೃ  ௌಷ , ɝɞɟ (16) 
 
σFO - ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɡɭɛɶɟɜ ɩɪɢ ɢɡɝɢɛɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɛɚɡɨɜɨɦɭ ɱɢɫɥɭ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ (ɫɦ. ɬɚɛ. 5); 
 
σFO1 = 1,75ɇȼ1 = 1,75 ∙ 300 = 525 Ɇɉɚ; 
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σFO2 = 1,75ɇȼ2 = 1,75 ∙ 260 = 455 Ɇɉɚ; 
 






ɋɬɚɥɶ σFɈ, Ɇɉɚ SF 
ɇɨɪɦɚɥɢɡɚɰɢɹ, 
ɭɥɭɱɲɟɧɢɟ 
 350 HB ɍɝɥɟɪɨɞɢɫɬɚɹ ɢ 




SF  = 1,7 - ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
YR - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɟɪɟɯɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɠɞɭ ɡɭɛɶɹɦɢ, YR = 1; 
YZ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ. Ⱦɥɹ ɩɨɤɨɜɨɤ ɢ ɲɬɚɦɩɨɜɨɤ YZ = 1; 
YA – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ. YA = 1; 
KFL - ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 
 ܭி௅ =  √ேಷ𝑂ே𝐻ಶయ   ≥1, ɝɞɟ (17) 
 
NFO – ɛɚɡɨɜɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ. Ⱦɥɹ ɫɬɚɥɟɣ NFO = 4 ∙ 106. Ɍɚɤ ɤɚɤ ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɲɟɫɬɟɪɧɢ NHE1 = 
147459270 ɢ ɞɥɹ ɤɨɥɟɫɚ NHE2 = 14745927 ɛɨɥɶɲɟ ɛɚɡɨɜɨɝɨ ɱɢɫɥɚ ɰɢɤɥɨɜ NFO = 4 ∙ 
106, ɬɨ ɩɪɢɧɢɦɚɟɦ KFL = 1. ɉɨɞɫɬɚɜɢɦ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ ɧɚɯɨɠɞɟɧɢɹ [σ]F: 
 [𝜎]ிଵ =  ହଶହ ∙ଵ ∙ଵ ∙ଵ ∙ଵଵ,଻ = ͵Ͳͺ,ͺʹͶ Ɇɉɚ; 
 [𝜎]ிଶ =  ସହହ ∙ଵ ∙ଵ ∙ଵ ∙ଵଵ,଻ = ʹ͸͹,͸Ͷ͹ Ɇɉɚ. 
 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܽ௪  ≥ К˃ሺܷ + ͳሻ √ మ் ∙ ௄𝐻U ∙ [𝜎ʜ]మΨ್˃య , ɦɦ, ɝɞɟ (18) 
 
Кɚ = 450 Ɇɉɚ1/3- ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ;  
Ɍ2 - ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɲɟɫɬɟɪɧɟ, Ɍ2 = 19,78 ɇ ∙ ɦ; 
U - ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ, U = 5,6; 
Ψba - ɤɨɷɮɮɢɰɢɟɧɬ ɲɢɪɢɧɵ ɜɟɧɰɚ ɤɨɥɟɫɚ. ɉɪɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɹɦɨɡɭɛɵɯ ɤɨɥɟɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɨɪ ɜɵɛɢɪɚɟɦ Ψɜɚ = 0,4;  
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Кɇ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɩɪɹɦɨɡɭɛɨɣ ɩɟɪɟɞɚɱɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɢɧɢɦɚɟɦ Кɇ = 1,3; ȼɵɱɢɫɥɹɟɦ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ: ܽ௪  ≥ ͶͷͲሺͷ,͸ + ͳሻ√ ଵଽ,଻଼ ∙ ଵ,ଷହ,଺ ∙ ହ଴ଶ,଺ସమ ∙ ଴,ସయ = ͳͲͲ ɦɦ. 
 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɸ ɚw = 100 ɦɦ ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɨ ȽɈɋɌ 2185-66; 
ȼɵɛɟɪɟɦ ɦɨɞɭɥɶ ɡɚɰɟɩɥɟɧɢɹ. 
Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɢɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɢɡɝɢɛ: 
 ݉ ≥  ௄𝑚∙ భ்∙ሺ௎+ଵሻ௔ೢ∙௕మ∙[𝜎ಷ]మ , ɦɦ, ɝɞɟ (19) 
 
Km = 3,4 ∙ 103 – ɞɥɹ ɩɪɹɦɨɡɭɛɨɣ ɩɟɪɟɞɚɱɢ; 
b2 – ɲɢɪɢɧɚ ɜɟɧɰɚ ɤɨɥɟɫɚ 
 
b2 = Ψba ∙ ɚw = 0,4 ∙ 100 = 40 ɦɦ. (20) 
 ݉ ≥  ଷସ଴଴ ∙ଵଽ,଻଼ሺହ,଺+ଵሻଵ଴଴ ∙ସ଴ ∙ ଶହ଻,ଷହଷ = 0,4 ɦɦ. 
 
Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɦɨɞɭɥɶ ɩɟɪɟɞɚɱɢ: 
 ݉௠௔௫ ≈  ଶ௔ೢଵ଻ሺ௎+ଵሻ ≈ 1,8 ɦɦ. (21) 
 
ɉɨ ȽɈɋɌ 9563-80 ɩɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɠɧɨɝɨ ɦɨɞɭɥɹ: m 
= 1,5 ɦɦ.  
Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɱɢɫɥɚ ɡɭɛɶɟɜ: 
 𝑧S =  ଶ˃௠ೢ =  ଶ ∙ଵ଴଴ଵ,ହ = ͳ͵͵,͵͵. (22) 
 
ɉɪɢɧɢɦɚɟɦ zS = 133. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ: 
 𝑧ଵ =  𝑧Sܷ + ͳ =  ͳ͵͵ͷ,͸ + ͳ = ʹͲ,ͳͷ (23) 
 
ɉɪɢɧɢɦɚɟɦ z1 = 20. ɑɢɫɥɨ ɡɭɛɶɟɜ ɤɨɥɟɫɚ: 
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z2 = zS - z1 = 133 – 20 = 113 (24) 
 
ɍɬɨɱɧɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ: 
 ܷ˗ =  𝑧ଶ𝑧ଵ =  ͳͳ͵ʹͲ = ͷ,͸ͷ (25) 
 
Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ: 
 ∆ܷ =  ௎˗−௎௎  ͳͲͲ =  ହ,଺ହ−ହ,଺ହ,଺  ∙ ͳͲͲ = Ͳ,ͺͻ% < [U] = 4%. (26) 
 
ɍɬɨɱɧɟɧɢɟ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ: 
 ܽ௪ =  ݉ ∙ ሺ𝑧ଵ + 𝑧ଶሻʹ =  ͳ,ͷ ∙  ሺʹͲ + ͳͳ͵ሻʹ = ͻͻ,͹ͷ ˏˏ 
 
(27) 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ. 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɣ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ ɭɱɢɬɵɜɚɸɬ ɢɯ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ (da, df, b), ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɢ ɨɛɴɟɦ ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɣ. 
ȼɵɱɢɫɥɢɦ ɞɟɥɢɬɟɥɶɧɵɟ ɞɢɚɦɟɬɪɵ d1 ɢ d2ɩɨ ɮɨɪɦɭɥɚɦ: 
 ݀ଵ =  ݉ ∙ 𝑧ଵ =  ͳ,ͷ ∙ ʹͲ = ͵Ͳ ɦɦ; ݀ଶ =  ݉ ∙ 𝑧ଶ =  ͳ,ͷ ∙ ͳͳ͵ = ͳ͹Ͳ ɦɦ. (28) 
 
Ⱦɢɚɦɟɬɪɵ ɜɟɪɲɢɧ ɡɭɛɶɟɜ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɚɦ: 
 ݀௔ଵ =  ݀ଵ + ʹ݉ = ͵Ͳ + ʹ ∙ ͳ,ͷ = ͵͵ ɦɦ; ݀௔ଶ =  ݀ଶ + ʹ݉ = ͳ͹Ͳ + ʹ ∙ ͳ,ͷ = ͳ͹͵ ɦɦ. (29) 
 
Ⱦɢɚɦɟɬɪɵ ɜɩɚɞɢɧ: 




Ⱦɢɚɦɟɬɪ ɡɚɝɨɬɨɜɤɢ ɲɟɫɬɟɪɧɢ: 
 
Dзɚɝ = da1 + 6 = 33 + 6 = 39 ɦɦ. 
 
(31) 
Ⱦɥɹ ɤɨɥɟɫɚ ɫ ɜɵɬɨɱɤɚɦɢ ɬɨɥɳɢɧɚ ɞɢɫɤɚ: 
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ɋзɚɝ = 0,5b2 = 0,5 ∙ 40 = 20 ɦɦ; (32) 
ɬɨɥɳɢɧɚ ɨɛɨɞɚ ɡɚɝɨɬɨɜɤɢ ɤɨɥɟɫɚ: 
 
Sзɚɝ = 8m = 8 ∙ 1,5 = 12 ɦɦ; (33) 
 
ɉɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɡɚɝɨɬɨɜɨɤ Dɩɪ = 125 ɦɦ; Sɩɪ = 80 ɦɦ [6, ɫɬɪ. 12, ɬɚɛ. 
2.1] 
ɍɫɥɨɜɢɹ ɩɪɢɝɨɞɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɜɵɩɨɥɧɹɸɬɫɹ, ɬɚɤ ɤɚɤ Dзɚɝ < Dɩɪ; ɋзɚɝ < 
Sɩɪ; Sзɚɝ < Sɩɪ. 
Ɉɩɪɟɞɟɥɹɟɦ ɫɢɥɵ ɜ ɡɚɰɟɩɥɟɧɢɢ: 
Ɉɤɪɭɠɧɚɹ ɫɢɥɚ: 
 ܨ௧ =  ଶ଴଴଴ ∙ భ்ௗభ =  ଶ଴଴଴ ∙ଵଽ,଻଼ଷ଴ = ͳ͵ͳͺ,͹ H; (34) 
 
Ɉɫɟɜɚɹ ɫɢɥɚ ɧɚ ɲɟɫɬɟɪɧɟ ɢ ɤɨɥɟɫɟ: 
 ˃ܨ ଵ =  ܨ௧  ∙ ݐ݃𝛼 = ͳ͵ͳͺ,͹ ∙ ݐ݃ʹͲ° = ͶͺͲ H; (35) 
 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɲɟɫɬɟɪɧɟ ɢ ɤɨɥɟɫɟ: 
 ܨோ =  ܨ௧  ∙ ݐ݃𝛼 = ͳ͵ͳͺ,͹ ∙ ݐ݃ʹͲ° = ͶͺͲ H; (36) 
 
ɉɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɟɞɚɱɢ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɩɪɨɱɧɨɫɬɶ 
 𝜎ʜ =  ܼா ∙  ܼ𝜀  ∙  ܼு ∙  √ி೟ ∙ ௄𝐻 ∙ ሺ௎+ଵሻௗభ ∙ ௕మ ∙௎  ≤ [σH], Ɇɉɚ, ɝɞɟ (37) 
 
 
ZE = 192 Ɇɉɚ1/2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɫɨɩɪɹɠɟɧɧɵɯ ɤɨɥɟɫ; 
Zε  - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɭɦɦɚɪɧɭɸ ɞɥɢɧɭ ɤɨɧɬɚɤɬɧɵɯ ɥɢɧɢɣ. 
Ⱦɥɹ ɩɪɹɦɨɡɭɛɵɯ ɤɨɥɟɫ Zε = 0,9; 
Zɇ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɮɨɪɦɭ ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɭɛɶɟɜ. Ⱦɥɹ ɩɪɹɦɨɡɭɛɵɯ ɩɟɪɟɞɚɱ ɛɟɡ ɫɦɟɳɟɧɢɹ Zɇ = 2,5; 
U = 5,65 – ɮɚɤɬɢɱɟɫɤɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ. 
Кɇ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɝɪɭɡɤɢ. 
 
Кɇ = Кɇȕ ∙ КɇȖ, ɝɞɟ (38) 
Кɇȕ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɩɨ ɞɥɢɧɟ ɤɨɧɬɚɤɬɧɵɯ ɥɢɧɢɣ.  
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ɉɪɢ 𝛹௕௔ =  ௕మௗభ =  ସ଴ଷ଴ = ͳ,͵, ɬɜɟɪɞɨɫɬɢ ɡɭɛɶɟɜ ɤɨɥɟɫ ≤ 350 ɇȼ ɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɤɨɥɟɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɨɪ Кɇȕ = 1,08; 
КɇȖ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ.  Ɉɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɡɚɰɟɩɥɟɧɢɢ V ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܸ =  𝜋 ∙ ௗభ ∙ ௡భ଺଴ ∙ଵ଴଴଴ =  ଷ,ଵସ ∙ ଷ଴ ∙଺ଽହ,ଵ଻଺଴ ∙ଵ଴଴଴ = ͳ,ͳ ɦ/ɫ. (39) 
 
Ⱦɥɹ ɩɪɹɦɨɡɭɛɨɣ ɩɟɪɟɞɚɱɢ ɧɚɡɧɚɱɚɟɦ 9-ɸ ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ. 
ɉɪɢ V = 1,1 ɦ/ɫ ɢ 9-ɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɪɟɞɚɱɢ КɇȖ = 1,06. 
 
Кɇ = 1,08 ∙ 1,06 = 1,14. 
 
Ɋɚɫɱɟɬɧɨɟ ɤɨɧɬɚɤɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
  𝜎ʜ =  ͳͻʹ ∙  Ͳ,ͻ ∙  ʹ,ͷ ∙  √ଵଷଵ଼,଻ ∙ ଵ,ଵସ ∙ ሺହ,଺+ଵሻଷ଴ ∙ ସ଴ ∙ହ,଺  = 524 Ɇɉɚ.  
 
[σ]H = 536,36 Ɇɉɚ > σH = 524 Ɇɉɚ 
 
Ɉɬɤɥɨɧɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɞɨɩɭɫɤɚɟɦɵɯ ɤɨɧɬɚɤɬɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ: 




ɉɟɪɟɝɪɭɡɤɚ ɩɟɪɟɞɚɱɢ ɫɨɫɬɚɜɥɹɟɬ 2,36%, ɱɬɨ ɞɨɩɭɫɬɢɦɨ. 
ɉɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɟɞɚɱɢ ɧɚ ɜɵɧɨɫɥɢɜɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ 
 𝜎ி =  ி೟∙௄ಷ௕మ∙௠ ∙ ிܻௌ ∙  ?ܻ?  ∙  ఉܻ ≤ [σH], Ɇɉɚ, ɝɞɟ 
 
(41) 
KF – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɝɪɭɡɤɢ; 
YFS – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɮɨɪɦɭ ɡɭɛɚ: 
 ிܻௌ =  ͵,Ͷ͹ + ଵଷ,ଶ௭𝜈 − ଶ଻,ଽ˘௭𝜈 + Ͳ,Ͳͻʹ˘ଶ, (42) 
 
zν – ˠˍ˅ˋ˅˃ˎˈː˕ːˑˈ ˚ˋ˔ˎˑ ˊ˖˄˟ˈ˅ ˍˑˎˈ˔; 
х – ˍˑˠ˗˗ˋ˙ˋˈː˕ ˔ˏˈщˈːˋˢ; 
Yβ – ˍˑˠ˗˗ˋ˙ˋˈː˕, ˖˚ˋ˕˞˅˃ˡщˋˌ ː˃ˍˎˑː ˊ˖˄˃, Yβ = 1; 
Yε – ˍˑˠ˗˗ˋ˙ˋˈː˕, ˖˚ˋ˕˞˅˃ˡщˋˌ ˒ˈ˓ˈˍ˓˞˕ˋˈ ˊ˖˄˟ˈ˅, Yε = 1. Дˎˢ ˒˓ˢˏˑˊ˖˄˞˘ ˒ˈ˓ˈˇ˃˚ ˄ˈˊ ˔ˏˈщˈːˋˢ ˋ˔˘ˑˇːˑˆˑ ˍˑː˕˖˓˃ х = Ͳ ˋ zν = 
z.  
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KF = KFν KFβ, ɝɞɟ (43) 
KFν – ˍˑˠ˗˗ˋ˙ˋˈː˕, ˖˚ˋ˕˞˅˃ˡщˋˌ ˇˋː˃ˏˋ˚ˈ˔ˍ˖ˡ ː˃ˆ˓˖ˊˍ˖. ɉɪɢ V = 
1,1 ɦ/ɫ ɢ 9-ɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɪɟɞɚɱɢ KFν = 1,11. 
KFβ – ˍˑˠ˗˗ˋ˙ˋˈː˕, ˖˚ˋ˕˞˅˃ˡщˋˌ ːˈ˓˃˅ːˑˏˈ˓ːˑ˔˕˟ ˓˃˔˒˓ˈˇˈˎˈːˋˢ ː˃ˆ˓˖ˊˍˋ ˒ˑ ˇˎˋːˈ ˍˑː˕˃ˍ˕ː˞˘ ˎˋːˋˌ. 
 
KF = 1 + 1,5 (Kɇ – 1) = 1 + 1,5 (1,08 – 1) = 2,2. (44) 
 
KF = 1,11  2,2 = 2,4.  
 
Ɋɚɫɱɟɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɝɢɛɚ ɜ ɡɭɛɶɹɯ ɤɨɥɟɫɚ: 
  𝜎ிଶ =  ଵଷଵ଼,଻∙ଶ,ସହ଴∙ଵ,ହ  ∙ ͵,ͷͻ ∙  ͳ ∙  ͳ = ͳͷͳ,Ͷͻ Ɇɉɚ; 
 
Ɋɚɫɱɟɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɝɢɛɚ ɜ ɡɭɛɶɹɯ ɲɟɫɬɟɪɧɢ 
  𝜎ிଵ =  𝜎ಷమ௒ಷೄభ௒ಷೄమ =  ଵହଵ,ସଽ ∙ସ,ଵଷଷ,ହଽ = ͳ͹Ͷ,ʹͺ Ɇɉɚ < [σ]F = 308,82 Ɇɩɚ. 
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2.4. Ɋɚɫɱɟɬ ɞɢɚɦɟɬɪɨɜ ɜɚɥɨɜ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɞɢɚɦɟɬɪɵ ɜɚɥɨɜ ɞɥɹ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɢ ɬɢɯɨɯɨɞɧɨɝɨ ɜɚɥɚ (ɫɦ. 
ɬɚɛ. 6): 
 
Ɍɚɛɥɢɰɚ 6 Ɋɚɫɱɟɬ ɞɢɚɦɟɬɪɨɜ ɜɚɥɨɜ 
Ȼɵɫɬɪɨɯɨɞɧɵɣ ɜɚɥ Ɍɢɯɨɯɨɞɧɵɣ ɜɚɥ 
1 2 
Ⱦɢɚɦɟɬɪ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɜɚɥɚ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
d ≥ √ʡయ  (45) 
 
d ≥ √ͳͻ,͹ͺయ  = 18,9 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ d = 19 ɦɦ. 
ȼɵɫɨɬɭ ɡɚɩɥɟɱɢɤɚ (t), ɤɨɨɪɞɢɧɚɬɭ ɮɚɫɤɢ ɩɨɞɲɢɩɧɢɤɚ 
(r) ɢ ɪɚɡɦɟɪ ɮɚɫɤɢ ɤɨɥɟɫɚ (f) ɩɪɢɧɢɦɚɟɦ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ: 
t = 3 ɦɦ, r = 1,5 ɦɦ, f = 1 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɩɨɞɲɢɩɧɢɤɚ ɞɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ 
ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
dɩ ≥ d + 2t (46) 
 
dɩ ≥ 19 + 2 ∙ 3 = 25 ɦɦ. 
 
Ⱦɢɚɦɟɬɪ ɭɩɨɪɚ ɩɨɞɲɢɩɧɢɤɚ: 
 
dɛɩ ≥ dɩ + 3r 
 
(47) 
dɛɩ ≥ 25 + 3 ∙ 1,5 = 29,5 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ dɛɩ = 30 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɤɨɥɟɫɨ:  dɤ ≥ dɛɩ 
ɉɪɢɧɢɦɚɟɦ dɤ = 30 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɬɢɯɨɯɨɞɧɨɝɨ ɜɚɥɚ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 45: 
 
d ≥ √ͳͲ͹,ͶͶ͸య  = 33,3 ɦɦ 
 
ɉɪɢɧɢɦɚɟɦ d = 33 ɦɦ. 
ȼɵɫɨɬɭ ɡɚɩɥɟɱɢɤɚ (t), ɤɨɨɪɞɢɧɚɬɭ ɮɚɫɤɢ ɩɨɞɲɢɩɧɢɤɚ 
(r) ɢ ɪɚɡɦɟɪ ɮɚɫɤɢ ɤɨɥɟɫɚ (f) ɩɪɢɧɢɦɚɟɦ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ: 
t = 3,5 ɦɦ, r = 2,5 ɦɦ, f = 1,2 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɩɨɞɲɢɩɧɢɤɚ ɞɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ 
ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 46: 
 
dɩ ≥ 33 + 2 ∙ 3,5 = 42 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ dɩ = 40 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɭɩɨɪɚ ɩɨɞɲɢɩɧɢɤɚ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 47: 
 
dɛɩ ≥ 40 + 3 ∙ 2,5 = 47,5 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ dɛɩ = 48 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɤɨɥɟɫɨ:  dɤ ≥ dɛɩ 
ɉɪɢɧɢɦɚɟɦ dɤ = 48 ɦɦ. 
Ɋɚɫɫɱɢɬɚɟɦ ɞɢɚɦɟɬɪ ɭɩɨɪɚ ɤɨɥɟɫɚ: 
 
dɛɤ ≥ dɤ + 3f 
 
(48) 
dɛɤ ≥ 48 + 3 ∙ 1,2 = 51,6 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ dɛɤ = 53 ɦɦ. 
Ɋɚɫɫɱɢɬɚɟɦ ɞɥɢɧɭ ɲɩɨɧɤɢ.  
ɉɨ ȽɈɋɌ 23360-78 ɫɟɱɟɧɢɟ ɲɩɨɧɤɢ b×h = 8×7 ɦɦ, 
ɝɥɭɛɢɧɚ ɩɚɡɚ ɲɩɨɧɤɢ  
t1 = 4 ɦɦ. 
Ɋɚɫɱɟɬɧɚɹ ɞɥɢɧɚ ɲɩɨɧɤɢ ɪɚɜɧɚ: 
 ݈௣ =  ʹܶ݀[𝜎˔ˏ]ሺℎ − ݐଵሻ 
 
(49) 
ɉɪɢɧɢɦɚɟɦ σɫɦ = 100 Ɇɉɚ. 
 l୮ =  ଶ∙ଵଽ,଻଼ଵଽ ∙ଵ଴଴ ∙ሺ଻− ସሻ = 6,9 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ lp = 7 ɦɦ. 
ɋɱɢɬɚɟɦ ɞɥɢɧɭ ɲɩɨɧɤɢ ɩɨ ɮɨɪɦɭɥɟ: 
 
lɲɩ = lp + b 
 
(50) 
lɲɩ = 7 + 8 = 15 ɦɦ. 
Ɋɚɫɫɱɢɬɚɟɦ ɞɥɢɧɭ ɲɩɨɧɤɢ.  
ɉɨ ȽɈɋɌ 23360-78 ɫɟɱɟɧɢɟ ɲɩɨɧɤɢ b×h = 10×8 ɦɦ, 
ɝɥɭɛɢɧɚ ɩɚɡɚ ɲɩɨɧɤɢ t1 = 5 ɦɦ. 
Ɋɚɫɱɟɬɧɭɸ ɞɥɢɧɭ ɲɩɨɧɤɢ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 49. 
ɉɪɢɧɢɦɚɟɦ σɫɦ = 100 Ɇɉɚ. 
 l୮ =  ଶ∙ଵ଴଻,ସସ଺ଷଷ ∙ଵ଴଴ ∙ሺ଼− ହሻ = 21,7 ɦɦ. 
 
ɉɪɢɧɢɦɚɟɦ lp = 22 ɦɦ. 
ɋɱɢɬɚɟɦ ɞɥɢɧɭ ɲɩɨɧɤɢ ɩɨ ɮɨɪɦɭɥɟ 50: 
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 Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 
1 2 
 Ɋɚɫɫɱɢɬɚɟɦ ɞɥɢɧɭ ɫɬɭɩɢɰɵ: 








3. lɫɬ = lɲɩ + (2-4) = 36 ɦɦ. 
 
(53) 
ȼɵɛɢɪɚɟɦ ɢɡ ɬɪɟɯ ɭɫɥɨɜɢɣ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɥɢɧɭ: 
lɫɬ = 50 ɦɦ. 
 
2.5. Ɋɚɫɱɟɬ ɤɥɢɧɨɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 
 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɜɚɥɭ Ɍ = 10,273 ɇ ∙ ɦ. 
Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɩɨɞɯɨɞɹɬ ɪɟɦɧɢ ɬɪɟɯ ɫɟɱɟɧɢɣ Ɉ, Ⱥ, 
ɍɈ, ɩɨɷɬɨɦɭ ɩɪɨɜɨɞɢɦ ɪɚɫɱɟɬɵ ɞɥɹ ɞɚɧɧɵɯ ɬɢɩɨɜ ɪɟɦɧɟɣ ɢ ɢɯ ɪɟɡɭɥɶɬɚɬɵ 
ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 7: 
 
Ɍɚɛɥɢɰɚ 7 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɦɧɟɣ 
Ɋɚɫɫɱɢɬɵɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ Ɍɢɩ ɫɟɱɟɧɢɣ ɪɟɦɧɹ 
Ɉ Ⱥ ɍɈ 
1 2 3 4 
ɒɢɪɢɧɚ ɪɟɦɧɹ ɩɨ ɧɟɣɬɪɚɥɶɧɨɦɭ ɫɥɨɸ, bp, ɦɦ 8,5 11 8,5 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɟɦɧɹ, Ⱥ, ɦɦ 47 81 56 
Ɇɢɧɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɲɤɢɜɚ, d1min, ɦɦ 63 90 63 
ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ, d1min, ɦɦ 71 100 71 
Ʉɨɷɮɮɢɰɢɟɧɬ ɫɤɨɥɶɠɟɧɢɹ, ξ 0,02 0,02 0,02 
Ⱦɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ, ɦɦ  
d2 = d1 ∙ U(1 – ξ) (54) 
 
139,56 196,56 139,56 
ɉɪɢɧɢɦɚɟɦ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ, dp2, ɦɦ 140 200 140 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ܷ =  ݊ଵ݊ଶ =  ݀ଶ݀ଵሺͳ −  ߦሻ (55) 
 
2,01 2,04 2,01 
Ɉɬɤɥɨɧɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɨɬɧɨɲɟɧɢɹ, ∆U, % 0,5 2 0,5 
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ, ɦ/ɫ ܸ =  𝜋 ∙  ݀ଵ  ∙  ݊ଵ͸Ͳ ∙ ͳͲͲͲ  (56) 
 
5,2 7,3 5,2 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɦɦ 
ɚ = d2(2,0167 – 0,63 ∙ U + 0,1254 ∙ U2 – 0,009 ∙ U3) (57) 
 
165,75 235,39 165,75 
Ɋɚɫɱɟɬɧɚɹ ɞɥɢɧɚ ɪɟɦɧɹ, ɦɦ ܮ = ʹܽ + ?ʹ? ሺ݀ଵ + ݀ଶሻ +  ሺ݀ଶ −  ݀ଵሻଶͶܽ  (58) 
 
670 953 670 
ɋɬɚɧɞɚɪɬɧɚɹ ɞɥɢɧɚ ɪɟɦɧɹ, L ɦɦ 670 950 670 
Ɋɚɫɱɟɬɧɨɟ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɦɦ 
 ܽ =  ܮ −  𝜋 [ቀ݀ଵ + ݀ଶʹ ቁ]Ͷ +  ͳͶ √[ܮ −  𝜋 ݀ଵ + ݀ଶʹ ]ଶ − ͺ [݀ଶ −  ݀ଵʹ ] (59) 
 
169 239 169 
ɍɝɨɥ ɨɯɜɚɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ, º 𝛼ଵ = ͳͺͲ° −  ሺ݀ଶ −  ݀ଵሻͷ͹,͵°˃  (60) 
 
156,65 156 156,65 
ɍɝɨɥ ɨɯɜɚɬɚ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ, αଶ º (ɫɦ. ɮɨɪɦɭɥɭ 60) 203,35 204 203,35 
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ɍɝɨɥ ɦɟɠɞɭ ɜɟɬɜɹɦɢ ɪɟɦɧɹ, º 𝛾 = ʹ ݏ𝑖݊−ଵ ሺ݀ଶ −  ݀ଵሻʹ˃  (61) 
 
23,56 24,15 23,56 
ɑɚɫɬɨɬɚ ɩɪɨɛɟɝɨɜ ɪɟɦɧɹ, ɫ-1 ߥ =  ௏௅  (62) 
 
7,76 7,66 7,76 
ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɲɤɢɜɚ, ɦɦ 
de = d1(1,14 – 0,14e2,43(1 –U)) (63) 
 
72 101 72 



















Ʉɨɷɮɮɢɰɢɟɧɬ ɭɝɥɚ ɨɯɜɚɬɚ, ʠఈ = ͳ,ʹͶ(ͳ − ˈሺ−ఈ/ଵଵ଴°ሻ) (65) 
 
0,941 0,940 0,941 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ, ɋɪ 0,87 0,87 0,87 








Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ, ɄF 1,2 1,2 1,2 
Ɉɤɪɭɠɧɚɹ ɫɢɥɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ, ɇ ܨ௧ଵ = ͳͻ,ͳ ∙  ͳͲଷ ܭி ଵܰ݀ଵ݊ଵ  (67)  209,83 148,98 209,83 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɋz 0,95 0,95 0,95 
ɑɢɫɥɨ ɪɟɦɧɟɣ ɜ ɩɟɪɟɞɚɱɟ, ɲɬ 𝑧 =  ܨ௧[𝜎ி೟]ܥ௭ܣ (68) 
  
2,58 1,15 1,43 
 
ɉɪɢɜɟɞɟɧɧɵɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɡɚɞɚɧɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɢɡ ɩɪɨɜɟɪɟɧɧɵɯ ɬɢɩɨɜ ɪɟɦɧɟɣ ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɢɬ ɪɟɦɟɧɶ ɬɢɩɚ ɍɈ ɫ ɱɢɫɥɨɦ ɪɟɦɧɟɣ z = 2. 
ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɲɤɢɜɨɜ ɩɪɢɧɢɦɚɟɦ ɱɭɝɭɧ ɋɑ 15. ɋɨɝɥɚɫɧɨ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɛɭɞɟɦ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɟɞɭɳɢɣ ɲɤɢɜ ɦɨɧɨɥɢɬɧɵɦ, ɚ ɜɟɞɨɦɵɣ 
ɲɤɢɜ ɫɨ ɫɩɢɰɚɦɢ.  
ɇɚɪɭɠɧɵɟ ɞɢɚɦɟɬɪɵ ɲɤɢɜɨɜ: 
 
de1 = dp1 + 2h0 = 71 + 2 ∙ 3,3 = 76,6 ɦɦ; 
de2 = dp2 + 2h0 = 140 + 2 ∙ 3,3 = 146,6 ɦɦ. 
(69) 
 
ɒɢɪɢɧɚ ɨɛɨɞɚ ɲɤɢɜɨɜ: 
 
Ɇ = (z – 1)e + 2f = (2 – 1) ∙ 15 + 2 ∙ 10 = 35 ɦɦ. 
 
(70) 
ȼɟɞɨɦɵɣ ɲɤɢɜ ɜɵɩɨɥɧɹɟɦ ɫɨ ɫɩɢɰɚɦɢ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɨɞɢɧ ɪɹɞ.  
ɍɫɥɨɜɧɚɹ ɜɵɫɨɬɚ (ɛɨɥɶɲɚɹ ɨɫɶ) ɫɟɱɟɧɢɹ ɫɩɢɰɵ ɜ ɭɫɥɨɜɧɨɦ ɞɢɚɦɟɬɪɚɥɶɧɨɦ 
ɫɟɱɟɧɢɢ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ ɩɪɢ ɞɨɩɭɫɤɚɟɦɨɦ ɧɚɩɪɹɠɟɧɢɢ ɞɥɹ ɱɭɝɭɧɚ ɋɑ 15  
[σu] = 30 Ɇɉɚ,  
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ɚ/ɫ = 0,4, 
ɱɢɫɥɟ ɫɩɢɰ z = 2 
 ˔ =  √ʡమ𝜂଴,ସ௭య =  √ଵ଴,ଶ଻ଷ ∙଴,ଽ଺଴,ସ ∙ଶయ = ʹ͵ ɦɦ, ɝɞɟ (71) 
 
η = 0,96 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ. 
ɉɪɢɧɢɦɚɟɦ: 
 
ɫ0 = 0,8 ɫ = 0,8 ∙ 23 = 18 ɦɦ 
ɚ0 = 0,8 ɚ = 0,8 ∙ 12 = 10 ɦɦ. 
 
Ⱦɢɚɦɟɬɪ ɫɬɭɩɢɰɵ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ: 
 
dɫɬ = 2d = 2 ∙ 30 = 60 ɦɦ. (72) 
Ⱦɥɢɧɭ ɫɬɭɩɢɰɵ ɩɪɢɧɢɦɚɟɦ l = 60 ɦɦ. 
 
2.6. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɨɜ 
 
2.6.1. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɨɜ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɜɚɥɚ 
 











Ɋɢɫɭɧɨɤ 2 Ɋɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɜɚɥɚ ɨɬ ɪɚɞɢɚɥɶɧɵɯ ɫɢɥ 
 ɜ ɩɥɨɫɤɨɫɬɢ ɏOZ: 
 ∑ ܯଵ = Ͳ; ܨ௥ሺ݈ − ݈ଵሻ + ிೌ ௗభଶ − 𝑅ଶ஻݈ = Ͳ, ɝɞɟ 
 
(73) 
Ɇ1 – ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ. Ɉɬɫɸɞɚ 


















Y R1ɜ R2ɜ 
43,5 
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∑ ܯଶ = Ͳ; 𝑅ଵ஻݈ + ிೌ ௗభଶ − ܨ௥݈ = Ͳ, 
 
(75) 
𝑅ଵ஻ = ிೝ௟−ಷೌ೏భమ௟ =  ସ଼଴ሺ଼଻−ସଷ,ହሻ−రఴబ∙యబమ଼଻ = ͳͷ͹ ɇ (76) 
 
 ɜ ɩɥɨɫɤɨɫɬɢ YOZ: 
 ∑ ܯଵ = Ͳ; 𝑅ଶˆ݈ − ܨ௧ሺ݈ − ݈ଵሻ = Ͳ, (77) 
 𝑅ଶˆ = ி೟ሺ௟−௟భሻ௟ =  ଵଷଵଽሺ଼଻−ସଷ,ହሻ଼଻ = ͸ͷͻ,ͷ ɇ (78) 
 ∑ ܯଶ = Ͳ; −𝑅ଵˆ݈ + ܨ௧݈ଵ = Ͳ, (79) 
 𝑅ଵˆ = ி೟௟భ௟ =  ଵଷଵଽ∙ସଷ,ହ଼଻ = ͸ͷͻ,ͷ ɇ (80) 
 
ɋɭɦɦɚɪɧɵɟ ɪɟɚɤɰɢɢ ɨɩɨɪ: 
 𝑅ଵ = √𝑅ଵଶˆ + 𝑅ଵʑଶ = √͸ͻͷ,ͷଶ + ͳͷ͹ଶ = ͹ͳ͵ ɇ 𝑅ଶ = √𝑅ଶˆଶ + 𝑅ଶʑଶ = √͸ͻͷ,ͷଶ + ͵ʹ͵ଶ = ͹͸͹ ɇ (81) 
 
2. Ɋɚɫɫɱɢɬɚɟɦ ɪɚɞɢɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɨɩɨɪ ɨɬ ɞɟɣɫɬɜɢɹ ɲɤɢɜɚ ɪɟɦɟɧɧɨɣ 
ɩɟɪɟɞɚɱɢ. 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɧɫɨɥɶɧɭɸ ɫɢɥɭ ɩɨ ȽɈɋɌ Ɋ 50891-96: 
 
Fк = (50…125)√ʡʐ = ͺͲ√ͳͻ,͹ͺ = 356 ɇ (82) 
 
Ɋɟɚɤɰɢɢ ɨɬ ɫɢɥɵ Fɤ (ɫɦ. ɪɢɫ. 2): 
 
Ɋɢɫɭɧɨɤ 3 Ɋɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɜɚɥɚ ɨɬ ɤɨɧɫɨɥɶɧɵɯ ɫɢɥ ∑ ܯଵ = Ͳ; ˍܨ ሺ݈ − ݈ଶሻ − 𝑅ଶˍ݈ = Ͳ, (83) 
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∑ ܯଶ = Ͳ; ˍܨ ݈ଶ − 𝑅ଵˍ݈ = Ͳ, (85) 
 𝑅ଵˍ = ிˍ ௟మ௟ =  ଷହ଺∙ଵ଺଼଻ = ͸ͷ ɇ (86) 
 
3. Ɋɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɞɲɢɩɧɢɤɨɜ: 
 ܨ௥ଵ ௠௔௫ = 𝑅ଵ + 𝑅ଵˍ = ͹ͳ͵ + ͸ͷ = ͹͹ͺ ɇ ܨ௥ଶ ௠௔௫ = 𝑅ଶ + 𝑅ଶˍ = ͹͸͹ + ʹͻͳ = ͳͲͷͺ ɇ (87) 
 
ȼɧɟɲɧɹɹ ɨɫɟɜɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɜɚɥ,  
FA max = Fa = 480 ɇ. 
4. Ⱦɥɹ ɬɢɩɨɜɨɝɨ ɪɟɠɢɦɚ ɧɚɝɪɭɠɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ КЕ = 
0,63. ȼɵɱɢɫɥɹɟɦ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɝɪɭɡɤɢ: 
 ܨ௥ଵ = КЕܨ௥ଵ ௠௔௫ = Ͳ,͸͵ ∙ ͹͹ͺ = ͶͻͲ ɇ (88) ܨ௥ଶ = КЕܨ௥ଶ ௠௔௫ = Ͳ,͸͵ ∙ ͳͲͷͺ = ͸͸͹ ɇ (89) ܨʏ = КЕܨʏ ௠௔௫ = Ͳ,͸͵ ∙ ͶͺͲ = ͵Ͳʹ ɇ (90) 
 
5. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɡɧɚɱɚɟɦ ɲɚɪɢɤɨɜɵɟ ɪɚɞɢɚɥɶɧɵɟ ɩɨɞɲɢɩɧɢɤɢ 
ɥɟɝɤɨɣ ɫɟɪɢɢ 205. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɨɞɲɢɩɧɢɤɨɜ – ɜɪɚɫɩɨɪ.  
6. Ⱦɥɹ ɩɪɢɧɹɬɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɧɚɯɨɞɢɦ:  
Cr = 14000 ɇ,  
C0r = 6950 ɇ,  
d = 25 ɦɦ,  
D = 52 ɦɦ,  
Dω = 7,938 ɦɦ, 
 α = 0º. 
7. Ⱦɥɹ ɪɚɞɢɚɥɶɧɵɯ ɲɚɪɢɤɨɩɨɞɲɢɩɧɢɤɨɜ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜɚɥɚ 
ɫɥɟɞɭɟɬ:  
Fa1 = 0,  
Fa2 = FȺ = 302 ɇ.  
Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɦ ɞɥɹ ɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɨɩɨɪɵ 2. 
8. Ɉɬɧɨɲɟɧɢɟ ஽𝜔 c୭s ఈ஽೛𝜔 = Ͳ,ʹ, ɝɞɟ (91) 
 




Ɉɬɫɸɞɚ f0 = 14. ɉɨɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɟɜɨɝɨ ɧɚɝɪɭɠɟɧɢɹ: 
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݁ = Ͳ,ʹͺ ቀ௙బிೌ஼బೝ ቁ଴,ଶଷ = Ͳ,ʹͷ. (93) 
 
9. Ɉɬɧɨɲɟɧɢɟ 
 ிೌ௏ிೝ = Ͳ,Ͷͷ͵, ɝɞɟ (94) 
 
V = 1 ɩɪɢ ɜɪɚɳɟɧɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɥɶɰɚ. 
ɗɬɨ ɨɬɧɨɲɟɧɢɟ ɛɨɥɶɲɟ e. Ɍɨɝɞɚ ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ  
X = 0,56;  
Y = ଴,ସସ௘  = 1,76. 
10.  КȻ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɩɪɢɧɢɦɚɟɦ 1,4;  
КɌ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɧɢɦɚɟɦ 1. ɋɱɢɬɚɟɦ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɪɚɞɢɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ: 
 
Pr = (VXFr + YFa)КȻКɌ = 1250 ɇ. (95) 
 
11. Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɟɫɭɪɫɚ ɩɨɞɲɢɩɧɢɤɚ ɩɪɢɧɢɦɚɟɦ: 
ɚ1 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɦ 1; 
ɚ23 – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ ɪɟɫɭɪɫ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɵɯ ɫɜɨɣɫɬɜ ɩɨɞɲɢɩɧɢɤɚ, ɪɚɜɧɵɦ 0,7; 
k – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɲɚɪɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ, ɪɚɜɟɧ 3. 
 ܮଵ଴௔ℎ = ܽଵܽଶଷ ቀ஼ೝ𝑃ೝቁ௞ ଵ଴ల଺଴௡ = ʹ͵ͷͺͶ ɱ. (96) 
 
Ɋɚɫɱɟɬɧɵɣ ɪɟɫɭɪɫ ɛɨɥɶɲɟ ɬɪɟɛɭɟɦɨɝɨ. 
12. ɉɪɨɜɟɪɤɚ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ Pr max ≤ 0,5Cr. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬɵ ɩɨ ɩɭɧɤɬɚɦ 8-10 ɩɪɢ ɧɚɢɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɡɚɞɚɧɧɵɯ ɫɢɥ ɩɟɪɟɦɟɧɧɨɝɨ 
ɪɟɠɢɦɚ ɧɚɝɪɭɠɟɧɢɹ ɞɥɹ ɩɨɞɲɢɩɧɢɤɚ ɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɨɩɨɪɵ 2: 
 ݁ = Ͳ,ʹͺ ቀ௙బிʏ 𝑚ೌೣ஼బೝ ቁ଴,ଶଷ = Ͳ,ʹ͹ͺ. 
 ிʏ 𝑚ೌೣ௏ிೝమ 𝑚ೌೣ = Ͳ,Ͷͷ͵, 
 
ɗɬɨ ɨɬɧɨɲɟɧɢɟ ɛɨɥɶɲɟ e. Ɍɨɝɞɚ ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ  
X = 0,56;  
Y = = ଴,ସସ௘  = 1,76. 
 
Pr max = (VXFr max + YFa max)КȻКɌ = 2012 ɇ. 
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ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɞɲɢɩɧɢɤ 205 ɩɪɢɝɨɞɟɧ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɛɵɫɬɪɨɯɨɞɧɨɦ ɜɚɥɭ.  
 
2.6.2. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɨɜ ɬɢɯɨɯɨɞɧɨɝɨ ɜɚɥɚ 
 
1. Ɋɚɫɫɱɢɬɚɟɦ ɪɚɞɢɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɨɩɨɪ ɨɬ ɫɢɥ ɜ ɡɚɰɟɩɥɟɧɢɢ (ɫɦ. ɪɢɫ. 4) 
 
Ɋɢɫɭɧɨɤ 4 Ɋɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɬɢɯɨɯɨɞɧɨɝɨ ɜɚɥɚ ɨɬ ɪɚɞɢɚɥɶɧɵɯ ɫɢɥ 
 ɜ ɩɥɨɫɤɨɫɬɢ ɏOZ ɩɨ ɮɨɪɦɭɥɚɦ  74 ɢ 76 
 𝑅ଶ஻ = ସ଼଴ሺଽ଺−ସ଼ሻ+రఴబ∙భళబమଽ଺ = ͸͸ͷ ɇ 
 𝑅ଵ஻ =  ସ଼଴ሺଽ଺−ସ଼ሻ−రఴబ∙భళబమଽ଺ = −ͳͺͷ ɇ 
 
 ɜ ɩɥɨɫɤɨɫɬɢ YOZ ɩɨ ɮɨɪɦɭɥɚɦ 78 ɢ 80: 
 𝑅ଶˆ ଵଷଵଽሺଽ଺−ସ଼ሻଽ଺ = ͸ͷͻ,ͷ ɇ 
 𝑅ଵˆ =  ଵଷଵଽ∙ସ଼ଽ଺ = ͸ͷͻ,ͷ ɇ 
 
ɋɭɦɦɚɪɧɵɟ ɪɟɚɤɰɢɢ ɨɩɨɪ ɩɨ ɮɨɪɦɭɥɟ 81: 
 𝑅ଵ = √͸ͻͷ,ͷଶ + ሺ−ͳͺͷሻଶ = ͹ʹͲ ɇ 
 𝑅ଶ = √͸ͻͷ,ͷଶ + ͸͸ͷଶ = ͻ͸ʹ ɇ 
 
2. Ɋɚɫɫɱɢɬɚɟɦ ɤɨɧɫɨɥɶɧɵɟ ɪɟɚɤɰɢɢ ɨɩɨɪ ɨɬ ɞɟɣɫɬɜɢɹ ɲɤɢɜɚ ɪɟɦɟɧɧɨɣ 
ɩɟɪɟɞɚɱɢ. 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɧɫɨɥɶɧɭɸ ɫɢɥɭ ɩɨ ȽɈɋɌ Ɋ 50891-96 (82): 
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Ɋɟɚɤɰɢɢ ɨɬ ɫɢɥɵ Fɤ (ɫɦ. ɪɢɫ. 5): 
Ɋɢɫɭɧɨɤ 5 Ɋɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɬɢɯɨɯɨɞɧɨɝɨ ɜɚɥɚ ɨɬ ɤɨɧɫɨɥɶɧɵɯ ɫɢɥ 
 𝑅ଶˍ =  ଵଶଽ଺ሺଽ଺−ଶ଺,ହሻଽ଺ = ͻ͵ͺ ɇ 
 𝑅ଵˍ = ଵଶଽ଺∙ଶ଺,ହଽ଺ = ͵ͷͺ ɇ 
 
3. Ɋɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɞɲɢɩɧɢɤɨɜ (87): 
 ܨ௥ଵ ௠௔௫ = ͹ʹͲ + ͵ͷͺ = ͳͲ͹ͺ ɇ 
 ܨ௥ଶ ௠௔௫ = ͻ͸ʹ + ͻ͵ͺ = ͳͻͲͲ ɇ 
 
ȼɧɟɲɧɹɹ ɨɫɟɜɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɜɚɥ,  
FA max = Fa = 480 ɇ. 
4. Ⱦɥɹ ɬɢɩɨɜɨɝɨ ɪɟɠɢɦɚ ɧɚɝɪɭɠɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ КЕ = 0,63. ȼɵɱɢɫɥɹɟɦ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɝɪɭɡɤɢ (88-90): 
 ܨ௥ଵ = Ͳ,͸͵ ∙ ͳͲ͹ͺ = ͸͹ͻ ɇ 
 ܨ௥ଶ = Ͳ,͸͵ ∙ ͳͻͲͲ = ͳͳͻ͹ ɇ 
 ܨʏ = Ͳ,͸͵ ∙ ͶͺͲ = ͵Ͳʹ ɇ 
 
5. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɡɧɚɱɚɟɦ ɲɚɪɢɤɨɜɵɟ ɪɚɞɢɚɥɶɧɵɟ ɩɨɞɲɢɩɧɢɤɢ 
ɥɟɝɤɨɣ ɫɟɪɢɢ 208. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɨɞɲɢɩɧɢɤɨɜ – ɜɪɚɫɩɨɪ.  
6. Ⱦɥɹ ɩɪɢɧɹɬɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɧɚɯɨɞɢɦ:  
Cr = 32000 ɇ,  
C0r = 17800 ɇ,  
d = 40 ɦɦ, D = 80 ɦɦ,  
Dω = 12,7 ɦɦ,  α = 0º. 
7. Ⱦɥɹ ɪɚɞɢɚɥɶɧɵɯ ɲɚɪɢɤɨɩɨɞɲɢɩɧɢɤɨɜ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜɚɥɚ 
ɫɥɟɞɭɟɬ:  
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Fa2 = FȺ = 302 ɇ.  
Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɦ ɞɥɹ ɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɨɩɨɪɵ 2. 
8. Ɉɬɧɨɲɟɧɢɟ  ஽𝜔 c୭s ఈ஽೛𝜔 = Ͳ,ʹ, 
 
Dpω = 60 ɦɦ. Ɉɬɫɸɞɚ f0 = 14. ɉɨɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɟɜɨɝɨ ɧɚɝɪɭɠɟɧɢɹ (93): 
 ݁ = Ͳ,ʹ 
. 
9. Ɉɬɧɨɲɟɧɢɟ 
 ிೌ௏ிೝ = Ͳ,Ͷ, 
 
ɝɞɟ V = 1 ɩɪɢ ɜɪɚɳɟɧɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɥɶɰɚ. 
ɗɬɨ ɨɬɧɨɲɟɧɢɟ ɛɨɥɶɲɟ e. Ɍɨɝɞɚ ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ  
X = 0,56;  
Y = = ଴,ସସ௘  = 2,2. 
10.  КȻ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɩɪɢɧɢɦɚɟɦ 1,4;  
КɌ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɧɢɦɚɟɦ 1. ɋɱɢɬɚɟɦ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɪɚɞɢɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ: 
 
Pr = 1878 ɇ 
. 
11. Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɟɫɭɪɫɚ ɩɨɞɲɢɩɧɢɤɚ ɩɪɢɧɢɦɚɟɦ: 
ɚ1 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɦ 1; 
ɚ23 – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ ɪɟɫɭɪɫ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɵɯ ɫɜɨɣɫɬɜ ɩɨɞɲɢɩɧɢɤɚ, ɪɚɜɧɵɦ 0,7; 
k – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɲɚɪɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ, ɪɚɜɟɧ 3. 
 ܮଵ଴௔ℎ = Ͷ͸͹͵Ͷͺ ɱ. 
 
Ɋɚɫɱɟɬɧɵɣ ɪɟɫɭɪɫ ɛɨɥɶɲɟ ɬɪɟɛɭɟɦɨɝɨ. 
12. ɉɪɨɜɟɪɤɚ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ Pr max ≤ 0,5Cr. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬɵ ɩɨ ɩɭɧɤɬɚɦ 8-10 ɩɪɢ ɧɚɢɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɡɚɞɚɧɧɵɯ ɫɢɥ ɩɟɪɟɦɟɧɧɨɝɨ 
ɪɟɠɢɦɚ ɧɚɝɪɭɠɟɧɢɹ ɞɥɹ ɩɨɞɲɢɩɧɢɤɚ ɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɨɩɨɪɵ 2: 
 ݁ = Ͳ,ʹʹͶ. 
 ிʏ 𝑚ೌೣ௏ிೝమ 𝑚ೌೣ = Ͳ,ʹͷ͵, 
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ɗɬɨ ɨɬɧɨɲɟɧɢɟ ɛɨɥɶɲɟ e. Ɍɨɝɞɚ ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ  
X = 0,56;  
Y = = ଴,ସସ௘  = 2,2. 
 
Pr max = 2968 ɇ. 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɞɲɢɩɧɢɤ 208 ɩɪɢɝɨɞɟɧ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɜɵɯɨɞɧɨɦ ɜɚɥɭ. 
 
3. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ɭɡɥɚ 
 
3.1. ɋɥɭɠɟɛɧɨɟ ɧɚɡɧɚɱɟɧɢɟ 
 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɭɡɟɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɪɟɞɭɤɬɨɪ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɨɫɹɦɢ ɜɚɥɨɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɩɟɪɟɞɚɱɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɫ ɜɚɥɚ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɤ ɢɫɩɨɥɧɹɸɳɟɦɭ ɭɫɬɪɨɣɫɬɜɭ ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ. 
 
3.2. ȼɵɹɜɥɟɧɢɟ ɡɚɦɵɤɚɸɳɢɯ ɡɜɟɧɶɟɜ ɢ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɣ ɢ ɧɨɪɦ ɬɨɱɧɨɫɬɢ 
 
 Ɉɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɞɥɹ ɧɚɡɧɚɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ 
ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɚɹ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɤɨɥɟɫɚ. ɋɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɡɭɛɱɚɬɵɯ 
ɩɟɪɟɞɚɱ ɧɚɡɧɚɱɚɸɬɫɹ ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɢ ɢɡ ɬɚɛɥɢɰɵ. Ⱦɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɩɪɹɦɨɡɭɛɨɣ ɩɟɪɟɞɚɱɢ ɧɚɡɧɚɱɚɟɦ ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ 9-ȼ ȽɈɋɌ 1643-81. 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɪɟɞɭɤɬɨɪɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ 
ɢ ɫɛɨɪɤɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɞɟɬɚɥɟɣ ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɩɨ ȽɈɋɌ 
1643-81: 
1. Ɍɨɱɧɨɫɬɶ ɪɚɫɫɬɨɹɧɢɹ  ɦɟɠɞɭ ɨɫɹɦɢ  ɞɟɥɢɬɟɥɶɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ, 
ɩɪɢ ɦɟɠɨɫɟɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɚw = 100 ɦɦ, ɩɪɟɞɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ 
ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɩɟɪɟɞɚɱɢ: fa = ±70 ɦɤɦ; 
2. ɉɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɟɣ ɞɟɥɢɬɟɥɶɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ. Ⱦɨɩɭɫɤ ɧɚ 
ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɟɣ ɧɚ ɲɢɪɢɧɟ ɤɨɥɟɫɚ b = 40 ɦɦ  fx = 28 ɦɤɦ; 
 
3.3. ȼɵɛɨɪ ɦɟɬɨɞɨɜ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ 
 
ȼɵɛɨɪ ɦɟɬɨɞɨɜ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɪɢ ɫɛɨɪɤɟ ɢ ɭɫɬɚɧɨɜɥɟɧɢɢ ɞɨɩɭɫ-
ɤɨɜ ɧɚ ɪɚɡɦɟɪɵ, ɪɚɫɫɬɨɹɧɢɹ ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɨɫɟɣ 
ɞɟɬɚɥɟɣ ɭɡɥɚ (ɪɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ) ɩɪɨɢɡɜɟɞɟɦ ɞɥɹ ɱɟɬɵɪɟɯ ɨɫɧɨɜɧɵɯ ɬɟɯ-
ɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɫ ɩɨɦɨɳɶɸ ɪɚɡɦɟɪɧɨɝɨ ɚɧɚɥɢɡɚ. Ɉɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɬɨɱɧɨɫɬɢ ɭɡɥɚ. 
Ⱦɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɨɞɧɨɣ ɩɚɪɵ ɤɨɥёɫ, ɨɫɢ 
ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɞɜɟ ɰɟɩɢ – Ⱥ ɢ 
α. ɗɬɢ ɰɟɩɢ ɹɜɥɹɸɬɫɹ ɫɜɹɡɚɧɧɵɦɢ, ɬɚɤ ɤɚɤ ɢɦɟɸɬ ɨɛɳɢɟ ɡɜɟɧɶɹ. Ɋɚɫɱёɬ 
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ɧɟɨɛɯɨɞɢɦɨ ɧɚɱɢɧɚɬɶ ɫ ɬɨɣ ɰɟɩɢ, ɭ ɤɨɬɨɪɨɣ ɞɨɩɭɫɤ ɡɚɦɵɤɚɸɳɟɝɨ ɡɜɟɧɚ ɹɜɥɹɟɬɫɹ 
ɧɚɢɦɟɧɶɲɢɦ. Ɍɚɤɨɣ ɪɚɡɦɟɪɧɨɣ ɰɟɩɶɸ ɹɜɥɹɟɬɫɹ ɰɟɩɶ α. 
 
3.3.1. Ɋɚɡɦɟɪɧɚɹ ɰɟɩɶ α (ɪɢɫ. 6) 
 
ɉɨ ȽɈɋɌ 1643-81 ɞɨɩɭɫɤ ɧɚ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ fx ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɞɭɥɹ, ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢ ɲɢɪɢɧɵ 
ɤɨɥёɫ. Ⱦɥɹ ɦɨɞɭɥɹ m = 1,5, ɩɟɪɟɞɚɱɢ 9-ɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ ɢ ɲɢɪɢɧɟ ɡɭɛɱɚɬɨɝɨ 
ɜɟɧɰɚ b = 40 ɦɦ, ɞɨɩɭɫɤ ɧɚ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ fx = 0,028/40/ɦɦ. ȼɟɥɢɱɢɧɭ ɞɨɩɭɫɤɚ ɭɞɨɛɧɟɟ ɩɟɪɟɫɱɢɬɚɬɶ ɢ ɨɬɧɟɫɬɢ ɤ ɪɚɡɦɟɪɭ L = 148 ɦɦ, ɬ.ɟ. ɤ 
ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɜɧɟɲɧɢɦɢ ɫɬɟɧɤɚɦɢ ɤɨɪɩɭɫɚ. 
Ɍɨɝɞɚ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ ɧɚ ɞɥɢɧɟ 148 ɦɦ ɫɨɫɬɚɜɢɬ: 
 ௫݂ሺଷ଴଴ሻ =  ଴,଴ଶ଼∙ଵସ଼ସ଴ =  Ͳ,ͳͲͶ ɦɦ. 
 
Ⱦɨɩɭɫɤ ɡɚɦɵɤɚɸɳɟɝɨ ɡɜɟɧɚ, ɨɬɧɟɫёɧɧɵɣ ɤ ɞɥɢɧɟ L = 148 ɦɦ, ɌΔ = 
0,104/148/ɦɦ. 
ɋɨɫɬɚɜɥɹɸɳɢɦɢ ɡɜɟɧɶɹɦɢ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ α ɹɜɥɹɸɬɫɹ α1 ɢ α2 – ɫɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬ ɨɫɢ ɜɚɥɚ ɲɟɫɬɟɪɧɢ ɜɫɥɟɞɫɬɜɢɟ ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ ɩɨɞɲɢɩɧɢɤɨɜ 1 ɢ 2; α3 – ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ ɜ ɤɨɪɩɭɫɟ; α4 ɢ α5 – ɫɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬ ɨɫɢ ɜɚɥɚ ɤɨɥɟɫɚ ɜɫɥɟɞɫɬɜɢɟ ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ ɩɨɞɲɢɩɧɢɤɨɜ 3 ɢ 4. 
Ɂɚɞɚɧɧɚɹ ɬɨɱɧɨɫɬɶ ɡɚɦɵɤɚɸɳɟɝɨ ɡɜɟɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɧɟɩɨɥɧɨɣ 
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɢ. ɉɪɢɜɟɞёɦ ɪɚɡɦɟɪɵ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɡɜɟɧɶɟɜ ɤ ɨɞɧɨɣ 
ɛɚɡɨɜɨɣ ɞɥɢɧɟ L = 148 ɦɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɞɲɢɩɧɢɤɚɦɢ 3 ɢ 4 = 110 ɦɦ, ɬɨɝɞɚ 
ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɡɜɟɧɶɟɜ α4 ɢ α5 ɛɭɞɟɬ ɪɚɜɧɨ: 
 ߦ௫ =  ଵସ଼ଵଵ଴ = ͳ,͵. 
 
Ɇɟɠɞɭ ɩɨɞɲɢɩɧɢɤɚɦɢ 1 ɢ 2 ɪɚɫɫɬɨɹɧɢɟ ɪɚɜɧɨ 107 ɦɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɡɜɟɧɶɟɜ α1 ɢ α2 ɪɚɜɧɨ 1,4. Ɋɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ 1 ɢ 2 ɪɚɜɧɨ 0,015, ɚ ɩɨɞɲɢɩɧɢɤɨɜ 3 ɢ 4 – 
0,02. Ɍɨɝɞɚ Ɍα1 = Ɍα2 = 0,015; Ɍα4 = Ɍα5 = 0,02 ɦɦ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɡɜɟɧɶɟɜ α1, α2, α4 ɢ α5 ɢɦɟɸɬ ɜɟɤɬɨɪɧɵɣ ɯɚɪɚɤɬɟɪ. Ɍɚɤ ɤɚɤ ɜɟɤɬɨɪɧɵɟ ɨɲɢɛɤɢ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɢ ɩɪɢ ɫɛɨɪɤɟ ɢɡɞɟɥɢɹ ɦɨɝɭɬ 
ɩɪɢɧɹɬɶ ɥɸɛɨɟ ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɩɪɟɞɟɥɚɯ ±Ti/2, ɬɨ ɪɚɫɱёɬ ɪɚɡɦɟɪɧɵɯ ɰɟɩɟɣ ɫ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɜɟɪɨɹɬɧɨɫɬɧɨɦɭ ɦɟɬɨɞɭ. ȿɫɥɢ ɪɚɡɦɟɪɧɚɹ 
ɰɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɡɜɟɧɶɟɜ ɫɨ ɫɤɚɥɹɪɧɵɦɢ ɢ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ, ɬɨ ɫɭɦɦɢɪɨɜɚɧɢɟ 
ɫɤɚɥɹɪɧɵɯ ɢ ɜɟɤɬɨɪɧɵɯ ɨɲɢɛɨɤ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɡɞɟɥɶɧɨ. Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ 
ɞɨɩɭɫɤ ɡɚɦɵɤɚɸɳɟɝɨ ɡɜɟɧɚ: 
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ɉɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɪɢɫɤɚ ɛɪɚɤɚ t = 3: 
 




n = m − 1 − ɱɢɫɥɨ ɡɜɟɧɶɟɜ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ;  
nx − ɱɢɫɥɨ ɡɜɟɧɶɟɜ ɫ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ;  
n − nx − ɱɢɫɥɨ ɡɜɟɧɶɟɜ ɫɨ ɫɤɚɥɹɪɧɵɦɢ ɨɲɢɛɤɚɦɢ;  
Ki − ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ;  
Kxi − ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ;  
Ti – ɞɨɩɭɫɤɢ ɡɜɟɧɶɟɜ ɫɨ ɫɤɚɥɹɪɧɵɦɢ ɨɲɢɛɤɚɦɢ;  
Txi − ɞɨɩɭɫɤɢ ɡɜɟɧɶɟɜ ɫ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ;  
ξxi − ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɡɜɟɧɶɟɜ ɫ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ;  
λi, λxi − ɤɨɷɮɮɢɰɢɟɧɬɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɮɨɪɦɭ ɤɪɢɜɵɯ ɪɚɫɫɟɹɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɡɜɟɧɶɟɜ.  
ȼ ɦɨёɦ ɫɥɭɱɚɟ ɡɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɡɜɟɧɶɟɜ 
ɧɟɢɡɜɟɫɬɧɵ, ɬɨɝɞɚ ɹ ɩɪɢɧɢɦɚɸ:  
t  3;  𝜆𝑖ଶ  1/6;  𝜆˘𝑖ଶ   1,15;  
Ki 1,2 ;  ܭ˘𝑖ଶ   0,5  0,65. ȿɫɥɢ ɱɢɫɥɨ ɡɜɟɧɶɟɜ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ n ≥ 5, ɬɨ KΔ = 1 ɢ 𝜆∆ଶ  1/9.  Ⱦɥɹ ɡɜɟɧɶɟɜ α1, α2, α4 ɢ α5, ɩɨɝɪɟɲɧɨɫɬɢ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɜɟɤɬɨɪɧɵɣ 
ɯɚɪɚɤɬɟɪ, ɩɪɢɦɟɦ ܭ˘𝑖ଶ   0,6. ɉɨɝɪɟɲɧɨɫɬɶ ɡɜɟɧɚ α3 ɧɨɫɢɬ ɫɤɚɥɹɪɧɵɣ ɯɚɪɚɤɬɟɪ, ɡɧɚɱɢɬ ɞɥɹ ɧɟɝɨ Ki = 1,2. Ɍɚɤ ɤɚɤ ɜ ɞɚɧɧɨɣ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ ɧɟɢɡɜɟɫɬɧɵɦ ɹɜɥɹɟɬɫɹ ɥɢɲɶ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ α3, ɬɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɦɨɠɧɨ ɢɡ ɭɪɚɜɧɟɧɢɹ: 
 ఈܶଷ =  ଵКయ ∙ √К∆ଶ ∆ܶଶ − ∑ ߦ௫𝑖ଶ К௫𝑖ଶ ௫ܶ𝑖ଶ  ௡ೣ𝑖=ଵ  = 
 
= 
ଵଵ,ଶ ∙ √Ͳ,ͳͲͶଶ − Ͷ ∙ Ͳ,͸ ∙ ሺͳ,͵ଶ + ͳ,Ͷଶሻ  ∙  ሺͲ,Ͳͳͷଶ +  Ͳ,Ͳʹଶሻ = 0,06 (99) 
 
 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Tα3 = 0,06/148 ɦɦ/ɦɦ. 
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3.3.2. Ɋɚɡɦɟɪɧɚɹ ɰɟɩɶ Ⱥ (ɪɢɫ. 6) 
 
Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɧɨɫɬɶ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɫɹɦɢ ɞɟɥɢɬɟɥɶɧɵɯ 
ɨɤɪɭɠɧɨɫɬɟɣ ȽɈɋɌ 1643-81: ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ȼ ɢ ɦɟɠɰɟɧɬɪɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 100 
ɦɦ, ɞɨɩɭɫɤɚɟɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ: fa = ± 70 ɦɤɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɦɵɤɚɸɳɟɟ ɡɜɟɧɨ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ Ⱥ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ʏ ∆= 100 ± 0,07 ɦɦ; ܶ ∆= 0,14 ɦɦ ɢ ∆଴∆=0.  ɋɨɫɬɚɜɥɹɸɳɢɦɢ ɡɜɟɧɶɹɦɢ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ Ⱥ ɹɜɥɹɸɬɫɹ: Ⱥ1 ɢ Ⱥ2 — ɫɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬ ɨɫɢ ɜɚɥɚ-ɲɟɫɬɟɪɧɢ ɜɫɥɟɞɫɬɜɢɟ ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ 
ɩɨɞɲɢɩɧɢɤɨɜ 1 ɢ 2; Ⱥ3 — ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɨɬɜɟɪɫɬɢɣ ɜ ɤɨɪɩɭɫɟ;  Ⱥ4 ɢ Ⱥ5 — ɫɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬ ɨɫɢ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ ɜɫɥɟɞɫɬɜɢɟ ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ 
ɩɨɞɲɢɩɧɢɤɨɜ 3 ɢ 4. 
ɇɨɦɢɧɚɥɶɧɵɣ ɪɚɡɦɟɪ ɡɜɟɧɚ Ⱥ3 =100 ɦɦ. ɉɨɝɪɟɲɧɨɫɬɶ ɷɬɨɝɨ ɡɜɟɧɚ ɧɨɫɢɬ ɫɤɚɥɹɪɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɨɝɪɟɲɧɨɫɬɶ ɡɜɟɧɶɟɜ Ⱥ1, Ⱥ2, Ⱥ4 ɢ Ⱥ5 ɢɦɟɟɬ ɜɟɤɬɨɪɧɵɣ ɯɚ-ɪɚɤɬɟɪ. 
 
 Ɋɢɫɭɧɨɤ 6 Ɋɚɡɦɟɪɧɚɹ ɰɟɩɶ Ⱥ ɢ α 
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Ɍɚɤ ɤɚɤ ɦɟɠɰɟɧɬɪɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɪɟɞɧɟɦɭ ɫɟɱɟɧɢɸ 
ɡɭɛɱɚɬɵɯ ɤɨɥёɫ, ɬɨ ɞɥɹ ɡɜɟɧɶɟɜ ɫ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ 
ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɞɥɹ ɷɬɨɝɨ ɫɟɱɟɧɢɹ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɲɢɩɧɢɤɨɜ 1 ɢ 2 ɞɨ ɨɫɢ ɫɟɱɟɧɢɹ – 53,5 ɦɦ, ɨɬ ɩɨɞɲɢɩɧɢɤɨɜ 
3 ɢ 4 - 55 ɦɦ, ɬɨɝɞɚ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɡɜɟɧɶɟɜ A 1 ,  Ⱥ2, Ⱥ4 ɢ Ⱥ5: 
 
ξx1 = 53,5/100 = 0,535    
 
ξx2 = 55/100 =0,55 
 
Ɋɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɜɵɛɪɚɧɧɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɪɚɜɧɨ 0,015 ɦɦ ɢ 0,02 ɦɦ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, TȺ1 = TȺ2 =0,015 ɦɦ; TȺ4 = TȺ5 = 0,02 ɦɦ. Ɍɚɤ ɤɚɤ ɜ ɞɚɧɧɨɣ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ ɧɟɢɡɜɟɫɬɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ Ⱥ3, ɬɨ ɡɚɞɚɱɚ 
ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɌȺ3. ɉɪɢɦɟɦ ܭ௑𝑖ଶ  = 0,6; Ʉ3 = 1,2 (99): 
 ʏܶଷ =  ଵКయ ∙ √К∆ଶ ∆ܶଶ −  ∑ ߦ௫𝑖ଶ К௫𝑖ଶ ௫ܶ𝑖ଶ  ௡ೣ𝑖=ଵ  = 
 
= 
ଵଵ,ଶ ∙ √Ͳ,ͳͶଶ − Ͷ ∙ Ͳ,͸ ∙  ሺͲ,ͷ͵ͷଶ + Ͳ,ͷͷଶሻ  ∙  ሺͲ,Ͳͳͷଶ + Ͳ,Ͳʹଶሻ = 0,114 
 
Ɍɚɤ ɤɚɤ ɤɨɨɪɞɢɧɚɬɵ ɫɟɪɟɞɢɧ ɩɨɥɟɣ ɞɥɹ ɡɜɟɧɶɟɜ ɫ ɜɟɤɬɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ ∆଴∆= 0, ɬɨ ɢ∆଴ଷ= 0, ɩɨɷɬɨɦɭ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɨɬɜɟɪɫɬɢɣ ɜ ɤɨɪɩɭɫɟ: Ⱥ3 = 100 ± 0,057 ɦɦ.  
  Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɞɨɩɭɫɤɨɜ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ Ⱥ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8. 
 
















































ɧɨɪɦɚɥɶ, ɦɟɬɨɞ ɢ 
ɜɢɞ ɨɛɪɚɛɨɬɤɢ, 
ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ) 
         ʏ∆ Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɟɥɢɬɟɥɶɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ 100 +0,07 -0,07 0,14 0 ȽɈɋɌ 1643-81 
           Ⱥ1 ,Ⱥ2 Ɋɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɩɨɞɲɢɩɧɢɤɚ ∅25 ɦɦ 25 +0,0075 -0,0075 0,015 0 ȽɈɋɌ 520 - 89 
            Ⱥ4, Ⱥ5 Ɋɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɩɨɞɲɢɩɧɢɤɚ ∅40 ɦɦ 40 +0,01 -0,01 0,02 0 ȽɈɋɌ 520-89 
         Ⱥɡ Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ 
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3.4. Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɞɟɥɢɹ 
 
Ɍɟɯɧɨɥɨɝɢɱɧɨɫɬɶ - ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɯ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɞɟɥɢɹ ɤ ɞɨɫɬɢɠɟɧɢɸ ɨɩɬɢɦɚɥɶɧɵɯ ɡɚɬɪɚɬ ɪɟɫɭɪɫɨɜ 
ɩɪɢ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
Ɉɰɟɧɢɦ ɤɨɧɫɬɪɭɤɰɢɸ ɭɡɥɚ ɩɨ ɪɹɞɭ ɩɪɢɡɧɚɤɨɜ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ 
ɫɬɚɧɞɚɪɬɚ ɩɨ ȽɈɋɌ 14.201-83, ȽɈɋɌ 14.205-83, ɚ ɬɚɤɠɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ. Ⱦɚɞɢɦ ɤɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɨɫɬɚɜɭ: 
1. Ɋɟɞɭɤɬɨɪ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɧɵɦ ɬ.ɟ. ɨɧ ɫɨɫɬɨɢɬ ɢɡ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ 
ɤɨɦɩɥɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɫɜɨɟɣ ɫɛɨɪɤɢ ɩɨɫɬɭɩɚɸɬ ɧɚ ɨɛɳɭɸ ɫɛɨɪɤɭ ɭɡɥɚ-
ɪɟɞɭɤɬɨɪɚ. 
2. ɉɪɢ ɤɨɦɩɨɧɨɜɤɟ ɢɡɞɟɥɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɟ ɢɡɞɟɥɢɹ, ɬɚɤɢɟ 
ɤɚɤ ɩɨɞɲɢɩɧɢɤɢ, ɛɨɥɬɵ, ɜɢɧɬɵ, ɲɩɨɧɤɢ, ɦɚɧɠɟɬɵ ɢ ɬ.ɩ. 
3. ȼ ɞɚɧɧɨɦ ɪɟɞɭɤɬɨɪɟ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɛɵɥɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɧɟɨɛɯɨɞɢɦɵɟ ɷɥɟɦɟɧɬɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɟɝɨ ɦɨɠɧɨ ɛɵɥɨ ɭɞɨɛɧɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ 
ɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ. ɗɬɨ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ :  
 Ʉɪɟɩɟɠɧɵɟ ɨɬɜɟɪɫɬɢɹ ɜɨ ɮɥɚɧɰɚɯ 
 ɉɪɢɥɢɜɵ ɧɚ ɤɨɪɩɭɫɟ ɪɟɞɭɤɬɨɪɚ. 
4. ɍ ɜɫɟɯ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɢɡɞɟɥɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɛɚɡɨɜɚɹ ɞɟɬɚɥɶ ɬ.ɟ. 
ɭ ɜɫɟɯ ɤɨɦɩɥɟɤɬɨɜ, ɩɨɞɭɡɥɨɜ ɢ ɭɡɥɨɜ ɢɦɟɸɬɫɹ ɤɨɧɤɪɟɬɧɨ ɜɵɪɚɠɟɧɧɵɟ ɛɚɡɨɜɵɟ 
ɞɟɬɚɥɢ. 
5. ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɛɵɥ ɩɪɟɞɭɫɦɨɬɪɟɧ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɢ ɨɛɳɟɣ 
ɫɛɨɪɤɟ ɧɟ ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɛɪɚɛɨɬɤɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɛɨɪɨɤ, ɚ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɠɧɨ ɛɵɥɨ 
ɥɟɝɤɨ ɡɚɦɟɧɢɬɶ ɞɟɬɚɥɢ. ɍɪɨɜɟɧɶ ɦɚɫɥɚ ɩɪɨɜɟɪɹɟɬɫɹ ɳɭɩɨɦ. 
Ɍɪɟɛɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ 
1. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɪɟɞɭɤɬɨɪɚ ɛɵɥɨ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɫɨɩɪɹɠɟɧɢɣ  ɢ ɦɟɫɬ ɫɨɟɞɢɧɟɧɢɣ. 
2. ɉɪɢ ɫɛɨɪɤɟ ɧɟ ɞɨɥɠɧɨ ɜɨɡɧɢɤɚɬɶ ɩɪɨɛɥɟɦ ɫ ɞɨɫɬɭɩɧɨɫɬɶɸ ɞɥɹ 
ɦɟɯɚɧɢɡɚɰɢɢ ɫɛɨɪɤɢ ɬ.ɤ. ɜɫɟ ɤɪɟɩɟɠɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴёɦɚ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɭɞɨɛɧɵɯ ɦɟɫɬɚɯ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɛɨɪɳɢɤ ɫɦɨɝ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɧɟɨɛɯɨɞɢɦɵɦ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɪɢ ɫɛɨɪɟ. 
3. Ɍɚɤ ɠɟ ɩɪɢ ɫɛɨɪɤɟ ɧɟ ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɤɚɤɭɸ-ɥɢɛɨ 
ɢɡ ɩɥɨɫɤɨɫɬɟɣ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɱɬɨ ɧɟ ɛɭɞɟɬ ɜɥɢɹɬɶ ɧɚ ɩɨɬɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
4.    ɉɪɢ ɜɵɛɨɪɟ ɩɟɪɟɯɨɞɧɵɯ ɩɨɫɚɞɨɤ ɭɱɢɬɵɜɚɥɢ ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ 
ɢɡɞɟɥɢɣ. ɇɚɩɪɢɦɟɪ: ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɩɨɞɲɢɩɧɢɤɨɜ. 
5. ȼ ɞɚɧɧɨɦ ɪɟɞɭɤɬɨɪɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɤɨɦɩɥɟɤɬ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɛɚɡ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɬɨɱɧɨɟ ɦɟɫɬɨ ɪɟɞɭɤɬɨɪɚ ɢ ɫɨɛɢɪɚɟɦɵɯ ɜ ɧɟɦ 
ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɢɡɞɟɥɢɹ.  ȼɫɟ ɞɟɬɚɥɢ ɢɦɟɸɬ ɤɨɦɩɥɟɤɬ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɛɚɡ. 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɢ ɦɟɬɨɞɭ ɫɛɨɪɤɢ 
1. ȼ ɞɚɧɧɨɦ ɪɟɞɭɤɬɨɪɟ ɛɵɥɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ ɤɚɤ: 
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 Ⱦɢɫɬɚɧɰɢɨɧɧɵɟ ɜɬɭɥɤɢ; 
 ɒɩɨɧɤɢ; 
 ɒɬɢɮɬɵ ɢ ɞɪ. 
2. Ɍɚɤɠɟ ɢɦɟɸɬɫɹ ɮɢɤɫɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɢ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɩɨɞ ɧɢɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ  ɨɬɜɟɪɫɬɢɹ. 
3. ɂɦɟɸɬɫɹ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɜ ɜɢɞɟ ɧɚɛɨɪɨɜ ɩɪɨɤɥɚɞɨɤ, 
ɭɩɥɨɬɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɞɥɹ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɢɡɞɟɥɢɹ. 
ȼɵɜɨɞ: ɉɨɫɥɟ ɚɧɚɥɢɡɚ ɪɟɞɭɤɬɨɪɚ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɟ 
ɛɵɥɨ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɟɪɟɯɨɞɧɵɯ ɩɨɫɚɞɨɤ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ ɧɚ ɜɚɥ, ɩɨɷɬɨɦɭ ɦɧɨɣ 
ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɩɪɨɫɬɚɜɢɬɶ ɩɨɫɚɞɤɢ ɫ ɫɨɩɪɹɠɟɧɢɟɦ ɇ7/ɤ6. 
 
3.5.  Ɇɟɬɨɞɵ ɢ ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ ɫɛɨɪɨɱɧɨɝɨ ɢɡɞɟɥɢɹ 
 
1) Ʉɨɧɬɪɨɥɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɛɨɤɨɜɨɝɨ ɡɚɡɨɪɚ ɞɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɩɟɪɟɞɚɱɢ   ȽɈɋɌ 1673–81. Ʉɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɳɭɩɨɦ ɢɥɢ ɫɜɢɧɰɨɜɵɦɢ 
ɩɥɚɫɬɢɧɚɦɢ. 
2) Ʉɨɧɬɪɨɥɶ ɨɫɟɜɨɣ ɢɝɪɵ ɩɨɞɲɢɩɧɢɤɨɜ (ɪɢɫɭɧɨɤ 2). ɇɟɨɛɯɨɞɢɦɨɟ 
ɪɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
ɂɡɦɟɪɟɧɢɟ ɨɫɟɜɨɝɨ ɛɢɟɧɢɹ ɜɵɩɨɥɧɹɸɬ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɤɨɪɩɭɫɟ ɭɡɥɚ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɝɨɥɨɜɤɨɣ 2ɂȽ ȽɈɋɌ 18833–73 (ɰɟɧɚ ɞɟɥɟɧɢɹ 0,002 ɦɦ, ɞɢɚɩɚɡɨɧ 
ɢɡɦɟɪɟɧɢɹ  0,1 ɦɦ, ɞɨɩɭɫɬɢɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ  0,0012 ɦɦ) ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɫɬɨɣɤɟ ɫ 
ɭɩɨɪɨɦ ɟɟ ɧɚɤɨɧɟɱɧɢɤɚ ɜ ɬɨɪɟɰ ɜɚɥɚ ɢɥɢ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɩɟɪɟɦɟɳɚɹ ɜɚɥ ɜ ɨɫɟɜɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. 
 
 Ɋɢɫɭɧɨɤ 7 ɋɯɟɦɚ ɤɨɧɬɪɨɥɹ ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ 
3) Ʉɨɧɬɪɨɥɶ ɫɭɦɦɚɪɧɨɝɨ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɟ (ɩɨ 
ɜɵɫɨɬɟ ɡɭɛɚ ɧɟ ɦɟɧɟɟ 40%, ɚ ɩɨ ɞɥɢɧɟ ɡɭɛɚ ɧɟ ɦɟɧɟɟ 50%) ȽɈɋɌ 1643–81. Ʉɨɧɬɪɨɥɶ 
ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɚɫɤɟ. 
 
3.6. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ 
 
Ʉɨɧɫɬɪɭɤɰɢɹ ɦɟɯɚɧɢɡɦɚ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɫɛɨɪɨɱɧɵɯ ɭɡɥɨɜ, ɤɨɬɨɪɵɟ 
ɜɨɡɦɨɠɧɨ ɫɨɛɢɪɚɬɶ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɩɨɷɬɨɦɭ ɜɨɡɦɨɠɧɚ ɭɡɥɨɜɚɹ ɫɛɨɪɤɚ 
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ɢɡɞɟɥɢɹ. ɇɨ ɧɟɜɨɡɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɭɡɥɨɜ ɤ 
ɛɚɡɨɜɨɦɭ ɷɥɟɦɟɧɬɭ ɢɡ-ɡɚ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ. 
ɉɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɜɨɡɦɨɠɧɚ ɦɟɯɚɧɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ. 
ɉɪɢ ɫɛɨɪɤɟ ɪɟɞɭɤɬɨɪɚ ɞɨɫɬɭɩ ɢɧɫɬɪɭɦɟɧɬɨɜ ɤ ɞɟɬɚɥɹɦ ɫɜɨɛɨɞɧɵɣ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ – ɫɬɚɧɞɚɪɬɧɵɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ 
ɩɪɨɫɬɨɣ ɢɧɫɬɪɭɦɟɧɬ. 
ȼ ɞɚɧɧɨɦ ɢɡɞɟɥɢɢ ɨɫɧɨɜɧɵɦ ɛɚɡɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɤɨɪɩɭɫ, ɤ 
ɤɨɬɨɪɨɦɭ ɩɪɢɫɨɟɞɢɧɹɬɫɹ ɜɫɟ ɞɟɬɚɥɢ ɢ ɭɡɥɵ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɛɨɪɤɢ ɩɨɤɚɡɵɜɚɟɬ, ɜ ɤɚɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɫɨɟɞɢɧɹɬɶ ɢ ɡɚɤɪɟɩɥɹɬɶ ɞɪɭɝ ɤ ɞɪɭɝɭ ɷɥɟɦɟɧɬɵ, ɢɡ ɤɨɬɨɪɵɯ 
ɫɨɛɢɪɚɟɬɫɹ ɢɡɞɟɥɢɟ. Ɍɚɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɞɟɬɚɥɢ, ɤɨɦɩɥɟɤɬɵ, ɭɡɥɵ, 
ɩɨɞɭɡɥɵ ɢ ɫɛɨɪɨɱɧɵɟ ɟɞɢɧɢɰɵ. 
ɉɨɞ ɞɟɬɚɥɶɸ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɫɛɨɪɤɢ ɩɨɧɢɦɚɸɬ ɩɟɪɜɢɱɧɵɣ ɷɥɟɦɟɧɬ ɢɡɞɟɥɢɹ 
(ɛɚɡɨɜɚɹ ɞɟɬɚɥɶ), ɯɚɪɚɤɬɟɪɧɵɦ ɩɪɢɡɧɚɤɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɜ ɧɟɦ 
ɪɚɡɴɟɦɧɵɯ ɢ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɛɨɪɨɱɧɚɹ ɠɟ ɟɞɢɧɢɰɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɷɥɟɦɟɧɬ ɢɡɞɟɥɢɹ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɞɟɬɚɥɟɣ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɨɞɧɨ ɰɟɥɨɟ, 
ɧɟ ɪɚɫɩɚɞɚɸɳɟɟɫɹ ɩɪɢ ɩɟɪɟɦɟɧɟ ɩɨɥɨɠɟɧɢɹ ɜ ɭɡɥɟ ɢɥɢ ɩɨɞɭɡɥɟ. ɏɚɪɚɤɬɟɪɧɵɦ 
ɨɬɥɢɱɢɬɟɥɶɧɵɦ ɩɪɢɡɧɚɤɨɦ ɫɛɨɪɨɱɧɨɣ ɟɞɢɧɢɰɵ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɟɟ ɫɛɨɪɤɢ 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡɞɟɥɢɹ. 
Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɛɨɪɤɢ ɜɫɟ ɫɛɨɪɨɱɧɵɟ ɟɞɢɧɢɰɵ, 
ɜɯɨɞɹɳɢɟ ɜ ɢɡɞɟɥɢɟ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɦ ɧɚ ɝɪɭɩɩɵ ɢ ɩɨɞɝɪɭɩɩɵ. Ƚɪɭɩɩɨɣ ɛɭɞɟɦ 
ɫɱɢɬɚɬɶ ɫɛɨɪɨɱɧɭɸ ɟɞɢɧɢɰɭ, ɜɯɨɞɹɳɭɸ ɜ ɢɡɞɟɥɢɟ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɫɛɨɪɤɢ ɫɨɫɬɚɜɥɹɟɦ ɧɚ ɨɫɧɨɜɟ ɫɛɨɪɨɱɧɨɝɨ ɱɟɪɬɟɠɚ 
ɢɡɞɟɥɢɹ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ, ɜ ɤɚɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɢɫɨɟɞɢɧɹɬɶ ɞɪɭɝ ɤ ɞɪɭɝɭ ɷɥɟɦɟɧɬɵ, ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡɞɟɥɢɟ. 
Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɢɡɞɟɥɢɹ ɛɭɞɟɦ ɢɡɨɛɪɚɠɚɬɶ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ, 
ɪɚɡɞɟɥɟɧɧɨɝɨ ɧɚ ɬɪɢ ɱɚɫɬɢ. ȼ ɟɝɨ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɞɚɟɬɫɹ ɧɚɢɦɟɧɨɜɚɧɢɟ ɢɡɞɟɥɢɹ, ɜ 
ɥɟɜɨɣ ɧɢɠɧɟɣ ɱɚɫɬɢ ɭɤɚɡɵɜɚɟɦ ɱɢɫɥɨɜɨɣ ɢɧɞɟɤɫ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɨɦɟɪɭ 
ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɫɛɨɪɨɱɧɨɦ ɱɟɪɬɟɠɟ ɢ ɫɨɝɥɚɫɧɨ ɩɪɢɧɹɬɨɣ ɫɩɟɰɢɮɢɤɚɰɢɢ, ɜ 
ɩɪɚɜɨɣ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ. 
ɉɨɪɹɞɨɤ ɫɨɫɬɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɛɨɪɤɢ ɧɚɱɢɧɚɟɦ ɫ ɧɚɡɧɚɱɟɧɢɹ 
ɛɚɡɨɜɨɝɨ ɷɥɟɦɟɧɬɚ. Ȼɚɡɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɧɚɡɨɜɟɦ ɞɟɬɚɥɶ, ɫ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɟɦ 
ɫɛɨɪɤɭ ɢɡɞɟɥɢɹ. 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɛɨɪɤɢ ɡɚɪɚɧɟɟ ɚɧɚɥɢɡɢɪɭɟɦ 
ɫɛɨɪɨɱɧɵɟ ɪɚɡɦɟɪɧɵɟ ɰɟɩɢ. ȿɫɥɢ ɢɡɞɟɥɢɟ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɦɟɪɧɵɯ ɰɟɩɟɣ, ɬɨ 
ɫɛɨɪɤɭ ɫɥɟɞɭɟɬ ɧɚɱɢɧɚɬɶ ɫ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɨɣ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɣ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ. 
Ⱦɥɹ ɛɨɥɟɟ ɹɫɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɨɪɹɞɤɟ ɫɨɫɬɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɫɯɟɦɵ ɫɛɨɪɤɢ ɭɤɚɡɵɜɚɟɦ ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɧɚ ɫɛɨɪɤɭ. ɉɨɞ 
ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɧɢɦɚɟɦ ɪɚɡɧɵɟ ɧɚɞɩɢɫɢ – ɫɧɨɫɤɢ, ɩɨɹɫɧɹɸɳɢɟ 
ɯɚɪɚɤɬɟɪ ɜɵɩɨɥɧɟɧɢɹ ɫɛɨɪɨɱɧɵɯ ɪɚɛɨɬ, ɤɨɝɞɚ ɨɧɢ ɧɟ ɹɫɧɵ ɢɡ ɫɯɟɦɵ. 
Ɍɚɤɨɣ ɚɥɝɨɪɢɬɦ ɫɨɫɬɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɛɨɪɤɢ ɨɛɥɟɝɱɚɟɬ 
ɩɨɫɥɟɞɭɸɳɟɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ, ɩɨɡɜɨɥɹɟɬ 
ɨɰɟɧɢɬɶ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɞɟɥɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ 
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ɪɚɫɱɥɟɧɟɧɢɹ ɫɛɨɪɤɢ ɧɚ ɨɛɳɭɸ ɢ ɭɡɥɨɜɭɸ ɢ ɝɚɪɚɧɬɢɪɭɟɬ ɨɬ ɩɪɨɩɭɫɤɚ ɞɟɬɚɥɟɣ, 
ɜɯɨɞɹɳɢɯ ɜ ɢɡɞɟɥɢɟ. 
 
3.7. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 
 
3.7.1. ȼɵɹɜɥɟɧɢɟ ɜɢɞɨɜ ɪɚɛɨɬ ɜɵɩɨɥɧɟɧɵɯ ɩɪɢ ɫɛɨɪɤɟ ɢɡɞɟɥɢɹ 
 
1.1 ɋɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɫɨɛɢɪɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɡɚ 
ɫɱɟɬ ɩɪɚɜɢɥɶɧɨɣ ɢ ɬɨɱɧɨɣ ɫɛɨɪɤɢ ɢɡɞɟɥɢɹ . 
1.2 ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɪɟɞɭɤɬɨɪɚ ɜ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɸ ɛɵɥɢ 
ɡɚɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ: 
 Ɇɟɬɨɞ ɧɟɩɨɥɧɨɣ ɜɡɚɢɦɨɡɚɦɟɧɹɢɦɨɫɬɢ; 
 Ɇɟɬɨɞ ɩɨɥɧɨɣ ɜɡɚɢɦɨɡɚɦɟɧɹɢɦɨɫɬɢ; 
 Ɇɟɬɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; 
 Ɇɟɬɨɞ ɩɪɢɝɨɧɤɢ. 
1.3 Ɍɚɤ ɠɟ ɛɵɥɢ ɩɪɢɧɹɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɫɨɟɞɢɧɟɧɢɹ 
(ɧɚɩɪɟɫɨɜɤɚ ɩɨɞɲɢɩɧɢɤɨɜ, ɲɩɨɧɨɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɛɨɥɬɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ.ɬ.ɩ.). 
Ⱦɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɫɨɛɢɪɚɸɬɫɹ ɜ ɫɛɨɪɤɭ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɬɚɤɨɝɨ, ɤɚɤ ɩɪɟɫɫ, ɦɟɯɚɧɢɱɟɫɤɢɣ  ɝɚɣɤɨɜɟɪɬ ɢ ɬ.ɩ. 
1.4 ɉɨ ɰɟɥɟɜɨɦɭ ɧɚɡɧɚɱɟɧɢɸ ɜɵɩɨɥɧɹɟɦɵɟ ɩɪɢ ɫɛɨɪɤɟ ɪɚɛɨɬɵ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 
ɚ) Ɇɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɪɢɣɧɨɟ, ɜ 
ɩɪɨɰɟɫɫɟ ɫɛɨɪɤɢ  ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ; 
ɛ) Ɋɚɫɩɚɤɨɜɤɚ, ɨɫɜɨɛɨɠɞɟɧɢɟ ɨɬ  ɤɨɧɫɟɪɜɚɰɢɢ, ɩɪɨɦɵɜɤɚ, ɩɪɨɞɭɜɤɚ, ɫɦɚɡɤɚ, 
ɨɫɦɨɬɪ;  
ɜ) ɂɡɝɨɬɨɜɥɟɧɢɟ ɩɪɨɫɬɵɯ ɞɟɬɚɥɟɣ ɩɪɢ ɫɛɨɪɤɟ ɧɟɞɨɩɭɫɬɢɦɨ; 
ɝ) ȼɵɩɨɥɧɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɤɨɦɩɥɟɤɬɨɜ ɢ ɩɨɞɭɡɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ  ɧɚ 
ɨɬɞɟɥɶɧɨɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɜɫɟɦɢ ɞɨɫɬɭɩɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɩɨɫɨɛɚɦɢ. 
Ɋɚɛɨɬɚ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɛɨɪɨɱɧɵɣ ɩɟɪɟɯɨɞ. Ɉɧ 
ɫɨɫɬɨɢɬ ɢɡ ɨɫɧɨɜɧɨɝɨ ɩɪɢёɦɚ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɨɝɨ ɢɡɦɟɧɹɟɬɫɹ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ (ɬ.ɟ. ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ) ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ: ɬɚɤɢɯ, ɤɚɤ 
ɨɫɦɨɬɪ, ɩɪɨɦɵɜɤɚ, ɩɪɨɞɭɜɤɚ, ɭɫɬɚɧɨɜɤɚ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ. 
ɞ) Ɍɚɤ ɠɟ ɛɭɞɭɬ ɩɪɨɜɨɞɢɬɫɹ ɪɚɛɨɬɵ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɜɚɥɚ-ɲɟɫɬɟɪɧɢ, ɩɭɬɟɦ 
ɞɨɛɚɜɥɟɧɢɹ ɧɚɛɨɪɚ ɩɪɨɤɥɚɞɨɤ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɱɚɫɬɢɱɧɨɣ  ɫɛɨɪɤɨɣ ɭɫɬɚɧɨɜɤɢ 
ɤɨɦɩɟɧɫɚɬɨɪɚ. 
ɟ) Ɋɚɛɨɬɚ ɩɨ ɩɪɨɜɟɪɤɟ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɞɟɬɚɥɟɣ ɢ  
ɭɡɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɛɨɪɤɟ. ɋɜɨɛɨɞɧɨɟ ɜɪɚɳɟɧɢɟ ɜɚɥɨɜ; ɪɚɞɢɚɥɶɧɨɟ ɢ ɬɨɪɰɟɜɨɟ 
ɛɢɟɧɢɟ ɲɟɫɬɟɪɧɢ, ɧɚɩɪɟɫɫɨɜɚɧɧɨɣ ɧɚ ɜɚɥ; ɛɨɤɨɜɨɣ ɡɚɡɨɪ ɢ ɩɹɬɧɨ ɤɨɧɬɚɤɬɚ ɡɭɛɶɟɜ 
ɭ ɫɨɛɪɚɧɧɵɯ ɲɟɫɬɟɪёɧ. 
 
3.7.2. ɋɨɫɬɚɜɥɟɧɢɹ ɩɟɪɟɱɧɹ ɪɚɛɨɬ ɢ ɢɯ ɧɨɪɦɢɪɨɜɚɧɢɟ (ɬɚɛ.9) 
 
ɇɨɪɦɚɬɢɜɵ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɦ  ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ. 
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Ɍɚɛɥɢɰɚ 9 ɇɨɪɦɚɬɢɜɵ ɜɪɟɦɟɧɢ ɧɚ ɫɛɨɪɤɭ ɪɟɞɭɤɬɨɪɚ 
№ ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ ȼɪɟɦɹ, 
ɦɢɧ. 
1 2 3 
ɋɛɨɪɤɚ 1. ɉɨɞɭɡɟɥ «ȼɚɥ  ɬɢɯɨɯɨɞɧɵɣ  ɜ ɫɛɨɪɟ» 
1  Ɉɫɦɨɬɪɟɬɶ ɜɚɥ 16  0,1 
2  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɧɚ ɩɪɢɡɦɵ 0,2 
3  Ɉɛɞɭɬɶ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ ɩɚɡ 0,1 
4  Ɂɚɩɪɟɫɫɨɜɚɬɶ ɲɩɨɧɤɭ 55 0,42 
5  ɋɧɹɬɶ ɜɚɥ 16 ɫ ɩɪɢɡɦ 0,1 
6  ɉɟɪɟɦɟɫɬɢɬɶ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
7  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ 0,2 
8  Ɉɫɦɨɬɪɟɬɶ ɤɨɥɟɫɨ 8 0,1 
9  ɋɦɚɡɚɬɶ ɤɨɥɟɫɨ 8 ɦɚɲɢɧɧɵɦ ɦɚɫɥɨɦ 0,11 
10  ɇɚɩɪɟɫɫɨɜɚɬɶ ɤɨɥɟɫɨ 8 ɧɚ ɜɚɥ 16 1,08 
11  ɋɧɹɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,1 
12  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
13  ɉɟɪɟɭɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
14  Ɉɫɦɨɬɪɟɬɶ ɤɨɥɶɰɨ 41 0,1 
15  ɋɦɚɡɚɬɶ ɤɨɥɶɰɨ 41 ɦɚɲɢɧɧɵɦ ɦɚɫɥɨɦ 0,1 
16  ɍɫɬɚɧɨɜɢɬɶ ɤɨɥɶɰɨ 41 ɧɚ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,34 
17  Ɉɫɦɨɬɪɟɬɶ ɜɬɭɥɤɭ 2 0,1 
18  ɋɦɚɡɚɬɶ ɜɬɭɥɤɭ 2 ɦɚɲɢɧɧɵɦ ɦɚɫɥɨɦ 0,1 
19  ɍɫɬɚɧɨɜɢɬɶ ɜɬɭɥɤɭ 2 ɧɚ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,34 
20  ɋɧɹɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,1 
21  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
22  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
23  ɉɪɨɦɵɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,5 
24  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
25  ɉɨɫɭɲɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,14 
26  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
27  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
28  Ɉɫɜɨɛɨɞɢɬɶ ɨɬ ɭɩɚɤɨɜɤɢ ɩɨɞɲɢɩɧɢɤ 45, ɧɚɪɭɠɧɵɣ Ø80 ɦɦ 0,08 
29  ɋɦɚɡɚɬɶ ɩɨɞɲɢɩɧɢɤ 45 ɢɧɞɭɫɬɪɢɚɥɶɧɵɦ ɦɚɫɥɨɦ 0,09 
30  ɇɚɩɪɟɫɫɨɜɚɬɶ ɩɨɞɲɢɩɧɢɤ 45 ɧɚ ɜɚɥ 16 ɜ ɫɛɨɪɟ, ɞɥɢɧɚ ɡɚɩɪɟɫɨɜɤɢ       45 ɦɦ 1,2 
31  ɋɧɹɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,08 
32 ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
33 ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
34 Ɉɫɦɨɬɪɟɬɶ ɜɬɭɥɤɭ 3 0,1 
35 ɋɦɚɡɚɬɶ ɜɬɭɥɤɭ 3 ɦɚɲɢɧɧɵɦ ɦɚɫɥɨɦ 0,1 
36 ɍɫɬɚɧɨɜɢɬɶ ɜɬɭɥɤɭ 3 ɧɚ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,34 
37 ɋɧɹɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,1 
38 ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
39 ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
40 ɉɪɨɦɵɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,5 
41 ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
42 ɉɨɫɭɲɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,14 
43 ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
44 ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
45 Ɉɫɜɨɛɨɞɢɬɶ ɨɬ ɭɩɚɤɨɜɤɢ ɩɨɞɲɢɩɧɢɤ 36, ɧɚɪɭɠɧɵɣ Ø80 ɦɦ. 0,08 
46 ɋɦɚɡɚɬɶ ɩɨɞɲɢɩɧɢɤ 45 ɢɧɞɭɫɬɪɢɚɥɶɧɵɦ ɦɚɫɥɨɦ 0,15 
47 ɇɚɩɪɟɫɫɨɜɚɬɶ ɩɨɞɲɢɩɧɢɤ 45 ɧɚ ɜɚɥ 16 ɜ ɫɛɨɪɟ, ɞɥɢɧɚ ɡɚɩɪɟɫɨɜɤɢ 14 ɦɦ 1,2 
48 ɋɧɹɬɶ ɜɚɥ 16 ɜ ɫɛɨɪɟ 0,1 
49 ɉɟɪɟɦɟɫɬɢɬɶ ɤɨɦɩɥɟɤɬ 1 ɜɚɥ ɬɢɯɨɯɨɞɧɵɣ ɜ ɫɛɨɪɟ ɧɚ ɨɛɳɭɸ ɫɛɨɪɤɭ 0,05 
ɂɬɨɝɨ:  9,84 
ɋɛɨɪɤɚ 2. ɉɨɞɭɡɟɥ «ȼɚɥ-ɲɟɫɬɟɪɧɹ  ɜ ɫɛɨɪɟ»  
50  Ɉɫɦɨɬɪɟɬɶ ɜɚɥ 15 0,1 
51  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 15 ɧɚ ɩɪɢɡɦɵ 0,2 
52  Ɉɫɦɨɬɪɟɬɶ ɜɬɭɥɤɭ 4 0,1 



















       ȻɊ-15.03.05-2017.ɉЗ Ʌɢɫɬ       





ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 9 
1 2 3 
53  ɋɦɚɡɚɬɶ ɜɬɭɥɤɭ 4 ɦɚɲɢɧɧɵɦ ɦɚɫɥɨɦ 0,1 
54  ɍɫɬɚɧɨɜɢɬɶ ɜɬɭɥɤɭ 4 ɧɚ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,34 
55  ɋɧɹɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,1 
56  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
57  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
58  ɉɪɨɦɵɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,5 
59  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
60  ɉɨɫɭɲɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,14 
61  Ɉɫɦɨɬɪɟɬɶ ɤɨɥɶɰɨ ɦɚɫɥɨɫɴɟɦɧɨɟ 6 0,1 
62  ɍɫɬɚɧɨɜɢɬɶ ɤɨɥɶɰɨ ɦɚɫɥɨɫɴɟɦɧɨɟ 6 ɧɚ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,34 
63  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
64  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
65  Ɉɫɜɨɛɨɞɢɬɶ ɨɬ ɭɩɚɤɨɜɤɢ ɩɨɞɲɢɩɧɢɤ 44, ɧɚɪɭɠɧɵɣ Ø52 ɦɦ. 0,08 
66  ɇɚɩɪɟɫɫɨɜɚɬɶ ɩɨɞɲɢɩɧɢɤ 44 ɧɚ ɜɚɥ 15 ɜ ɫɛɨɪɟ, ɞɥɢɧɚ ɡɚɩɪɟɫɨɜɤɢ 41 ɦɦ 1,2 
67  ɉɟɪɟɭɫɬɚɧɨɜɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
68  Ɉɫɦɨɬɪɟɬɶ ɜɬɭɥɤɭ 5 0,1 
69  ɋɦɚɡɚɬɶ ɜɬɭɥɤɭ 5 ɦɚɲɢɧɧɵɦ ɦɚɫɥɨɦ 0,09 
70  ɍɫɬɚɧɨɜɢɬɶ ɜɬɭɥɤɭ 5 ɧɚ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,24 
71  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
72  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
73  ɉɪɨɦɵɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,5 
74  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
75  ɉɨɫɭɲɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,14 
76  Ɉɫɦɨɬɪɟɬɶ ɤɨɥɶɰɨ ɦɚɫɥɨɫɴɟɦɧɨɟ 6 0,1 
77  ɍɫɬɚɧɨɜɢɬɶ ɤɨɥɶɰɨ ɦɚɫɥɨɫɴɟɦɧɨɟ 6 ɧɚ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,34 
78  ɉɟɪɟɦɟɫɬɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 0,05 
79  ɍɫɬɚɧɨɜɢɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 0,2 
80  Ɉɫɜɨɛɨɞɢɬɶ ɨɬ ɭɩɚɤɨɜɤɢ ɩɨɞɲɢɩɧɢɤ 44, ɧɚɪɭɠɧɵɣ Ø52 ɦɦ. 0,08 
81  ɋɦɚɡɚɬɶ ɩɨɞɲɢɩɧɢɤ 44 ɢɧɞɭɫɬɪɢɚɥɶɧɵɦ ɦɚɫɥɨɦ 0,09 
82  ɇɚɩɪɟɫɫɨɜɚɬɶ ɩɨɞɲɢɩɧɢɤ 44 ɧɚ ɜɚɥ 15 ɜ ɫɛɨɪɟ, ɞɥɢɧɚ ɡɚɩɪɟɫɨɜɤɢ 12 ɦɦ 1,2 
83  ɋɧɹɬɶ ɜɚɥ 15 ɜ ɫɛɨɪɟ 0,1 
84  ɉɟɪɟɦɟɫɬɢɬɶ ɤɨɦɩɥɟɤɬ 2 ɜɚɥ-ɲɟɫɬɟɪɧɹ ɜ ɫɛɨɪɟ ɧɚ ɨɛɳɭɸ ɫɛɨɪɤɭ 0,05 
ɂɬɨɝɨ:  7,27 
ɋɛɨɪɤɚ 3. Ʉɨɦɩɥɟɤɬ «Ʉɪɵɲɤɚ ɤɨɪɩɭɫɚ  ɜ ɫɛɨɪɟ»  
85  Ɉɫɦɨɬɪɟɬɶ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 0,21 
86  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ  0,2 
87  Ɉɛɞɭɬɶ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 0,32 
88  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ 22  ɧɚ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 0,08 
 
89  Ɉɫɦɨɬɪɟɬɶ ɤɪɵɲɤɭ 7  0,07 
90  ɍɫɬɚɧɨɜɢɬɶ ɛɨɥɬ 46 ɜ ɨɬɜɟɪɫɬɢɟ ɤɪɵɲɤɢ 7 0,07 
91  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 49, 53 ɧɚ ɛɨɥɬ 46 0,07 
92  ɍɫɬɚɧɨɜɢɬɶ ɝɚɣɤɭ  40 ɧɚ ɛɨɥɬ 46 ɢ ɡɚɤɪɭɬɢɬɶ 0,1 
93  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ 7 ɧɚ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 0,1 
94  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 47 ɧɚ ɛɨɥɬɵ 37 0,28 
95  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ ɩɪɭɠɢɧɧɵɟ 51 ɧɚ ɛɨɥɬɵ 37 0,28 
96  Ɂɚɤɪɭɬɢɬɶ ɛɨɥɬɵ 37 ɜ ɤɪɵɲɤɭ 7 ɢ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 0,4 
97  ɋɧɹɬɶ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 13 ɫɛɨɪɟ 0,1 
98  ɉɟɪɟɦɟɫɬɢɬɶ ɤɨɦɩɥɟɤɬ 3 ɤɪɵɲɤɚ ɤɨɪɩɭɫɚ ɜ ɫɛɨɪɟ ɧɚ ɨɛɳɭɸ ɫɛɨɪɤɭ 0,05 
ɂɬɨɝɨ:  2,33 
ɋɛɨɪɤɚ 4. Ʉɨɦɩɥɟɤɬ «Ʉɪɵɲɤɚ ɩɨɞɲɢɩɧɢɤɚ 4»  
99  Ɉɫɦɨɬɪɟɬɶ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ 12 ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ ɦɚɧɠɟɬɵ 42, Ø 25ɦɦ. 0,07 
100  ɉɪɨɬɟɪɟɬɶ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɵɲɤɢ 12, ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɦɚɧɠɟɬɵ 42 ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɩɪɹɠɟɧɢɹ ɤɪɵɲɤɢ ɫ ɤɨɪɩɭɫɨɦ. 0,13 
101  Ɉɫɜɨɛɨɞɢɬɶ ɨɬ ɭɩɚɤɨɜɤɢ ɦɚɧɠɟɬɭ 42, ɜɧɭɬɪɟɧɧɢɣ Ø25 ɦɦ. 0,08 
102  Ɂɚɩɪɟɫɫɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɨɩɪɚɜɤɢ ɦɚɧɠɟɬɭ ɪɟɡɢɧɨɜɭɸ 42, ɜ ɤɪɵɲɤɭ 12. 0,25 
103  ɉɟɪɟɦɟɫɬɢɬɶ ɤɨɦɩɥɟɤɬ 4 ɤɪɵɲɤɚ ɩɨɞɲɢɩɧɢɤɚ ɜ ɫɛɨɪɟ ɧɚ ɨɛɳɭɸ ɫɛɨɪɤɭ 0,05 
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ɋɛɨɪɤɚ 5. Ʉɨɦɩɥɟɤɬ «ɤɪɵɲɤɚ ɩɨɞɲɢɩɧɢɤɚ 5»  
104  Ɉɫɦɨɬɪɟɬɶ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ 11, ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ ɦɚɧɠɟɬɵ 43, Ø 40ɦɦ. 0,07 
105  ɉɪɨɬɟɪɟɬɶ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɵɲɤɢ 11, ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɦɚɧɠɟɬɵ 43 ɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɩɪɹɠɟɧɢɹ ɤɪɵɲɤɢ ɫ ɤɨɪɩɭɫɨɦ. 0,13 
106  Ɉɫɜɨɛɨɞɢɬɶ ɨɬ ɭɩɚɤɨɜɤɢ ɦɚɧɠɟɬɭ 43, Ø 40 ɦɦ. 0,08 
107  Ɂɚɩɪɟɫɫɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɨɩɪɚɜɤɢ ɦɚɧɠɟɬɭ ɪɟɡɢɧɨɜɭɸ 43, ɜ ɤɪɵɲɤɭ 11. 0,25 
108  ɉɟɪɟɦɟɫɬɢɬɶ ɤɨɦɩɥɟɤɬ 5 ɤɪɵɲɤɚ ɩɨɞɲɢɩɧɢɤɚ ɜ ɫɛɨɪɟ ɧɚ ɨɛɳɭɸ ɫɛɨɪɤɭ 0,05 
ɂɬɨɝɨ:  0,58 
ɋɛɨɪɤɚ 6. ɍɡɟɥ «ɪɟɞɭɤɬɨɪ  ɜ ɫɛɨɪɟ»  
109  Ɉɫɦɨɬɪɟɬɶ ɤɨɪɩɭɫ 14 ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ 0,19 
110  ɍɫɬɚɧɨɜɢɬɶ ɤɨɪɩɭɫ 14 ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ 0,36 
111  ɉɪɨɬɟɪɟɬɶ ɭɫɬɨɧɨɜɨɱɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭɫɚ 14 0,1 
112  ɍɫɬɚɧɨɜɢɬɶ  ɩɨɞɭɡɟɥ ɜɚɥ ɬɢɯɨɯɨɞɧɵɣ ɜ ɫɛɨɪɟ 1 ɜ ɤɨɪɩɭɫ 14 0,12 
113  Ɋɟɝɭɥɢɪɨɜɚɬɶ ɨɫɟɜɨɣ ɡɚɡɨɪ ɩɨɞɲɢɩɧɢɤɨɜ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ 
ɤɨɥɟɰ 
4,5 
114  ɍɫɬɚɧɨɜɢɬɶ ɩɨɞɭɡɟɥ ɜɚɥ-ɲɟɫɬɟɪɧɹ ɜ ɫɛɨɪɟ 2 ɜ ɤɨɪɩɭɫ 14 0,12 
115  ȼɜɟɪɧɭɬɶ ɲɬɢɮɬɵ 56 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ  ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,48 
116  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɢ 17, 18, 19 ɧɚ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,5 
117  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ ɤɨɪɩɭɫɚ 3 ɧɚ ɲɬɢɮɬɵ  47  0,12 
118  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 53, 49 ɧɚ ɛɨɥɬɵ 35 0,45 
119  ɍɫɬɚɧɨɜɢɬɶ ɛɨɥɬɵ 35  1,21 
120  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 53, 49 ɧɚ ɛɨɥɬɵ 36 0,7 
121  ɍɫɬɚɧɨɜɢɬɶ ɛɨɥɬɵ 36 0,7 
122  ɇɚɤɢɧɭɬɶ ɝɚɣɤɢ 40 ɧɚ ɛɨɥɬɵ 35, 36 0,7 
123  Ɂɚɤɪɭɬɢɬɶ ɝɚɣɤɢ 40 ɧɚ ɛɨɥɬɵ 35, 36 1 
124  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ 20 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,02 
125  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ ɜ ɫɛɨɪɟ 4 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,1 
126  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 48 ɧɚ ɛɨɥɬɵ 38 0,28 
127  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ ɩɪɭɠɢɧɧɵɟ 52 ɧɚ ɛɨɥɬɵ 38 0,28 
128  Ɂɚɤɪɭɬɢɬɶ ɛɨɥɬɵ 38 ɜ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ ɢ ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,4 
129  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ  21 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,03 
130  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ ɜ ɫɛɨɪɟ 5 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,02 
131  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 48 ɧɚ ɛɨɥɬɵ 38 0,28 
132  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ ɩɪɭɠɢɧɧɵɟ 52 ɧɚ ɛɨɥɬɵ 38 0,28 
133  Ɂɚɤɪɭɬɢɬɶ ɛɨɥɬɵ 38 ɜ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ ɢ ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,4 
134  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ  20 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,03 
135  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ 9 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,02 
136  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 48 ɧɚ ɛɨɥɬɵ 38 0,28 
137  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ ɩɪɭɠɢɧɧɵɟ 52 ɧɚ ɛɨɥɬɵ 38 0,28 
138  Ɂɚɤɪɭɬɢɬɶ ɛɨɥɬɵ 38 ɜ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ ɢ ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,4 
139  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ  21 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,03 
140  ɍɫɬɚɧɨɜɢɬɶ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ 10 ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,02 
141  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ 48 ɧɚ ɛɨɥɬɵ 38 0,28 
142  ɍɫɬɚɧɨɜɢɬɶ ɲɚɣɛɵ ɩɪɭɠɢɧɧɵɟ 52 ɧɚ ɛɨɥɬɵ 38 0,28 
143  Ɂɚɤɪɭɬɢɬɶ ɛɨɥɬɵ 38 ɜ ɤɪɵɲɤɭ ɩɨɞɲɢɩɧɢɤɚ ɢ ɜ ɤɨɪɩɭɫ ɜ ɫɛɨɪɟ 0,4 
144  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ 24 ɧɚ ɫɥɢɜɧɨɟ ɨɬɜɟɪɫɬɢɟ ɤɨɪɩɭɫɚ 0,04 
145  Ɂɚɤɪɭɬɢɬɶ ɛɨɥɬ 39 ɜ ɤɨɪɩɭɫ 0,05 
146  ɍɫɬɚɧɨɜɢɬɶ ɩɪɨɤɥɚɞɤɭ 23 ɜ ɨɬɜɟɪɫɬɢɟ ɞɥɹ ɳɭɩɚ 0,04 
147  ɍɫɬɚɧɨɜɢɬɶ ɳɭɩ 1 ɜ ɤɨɪɩɭɫ 0,09 
ɂɬɨɝɨ: 15,31  
ɂɬɨɝɨ ɧɚ ɫɛɨɪɤɭ: 35,91  
 
Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɪɨɝɪɚɦɦɵ, ɧɨɦɢɧɚɥɶɧɵɣ ɬɚɤɬ ɜɵɩɭɫɤɚ ɞɥɹ ɫɥɟɫɚɪɧɨ-
ɫɛɨɪɨɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ: 
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ݐ˅ =  ଺଴ ∙ ிˇே =  ଺଴ ∙ ଷ଺ଶହଷ଴଴଴  = 72,5 ɦɢɧ, ɝɞɟ 
 
(100) 
Fɞ – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɩɪɢ 40-ɱɚɫɨɜɨɣ ɧɟɞɟɥɟ ɢ 12-ɬɢ ɩɪɚɡɞɧɢɱɧɵɯ ɞɧɹɯ ɜ ɝɨɞɭ, ɞɥɹ ɪɚɛɨɱɢɯ ɦɟɫɬ ɫ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɦɢ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ ɢ ɞɜɭɯɫɦɟɧɧɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ – 3625 ɱ. 
ȼɫɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɟɦɵ ɢ ɩɟɪɟɯɨɞɵ ɨɛɴɟɞɢɧɹɟɦ ɜ ɨɞɧɭ ɫɛɨɪɨɱɧɭɸ 
ɨɩɟɪɚɰɢɸ, ɬɚɤ ɤɚɤ ɨɛɳɟɟ ɜɪɟɦɹ ɧɚ ɜɫɟ ɪɚɛɨɬɵ ɛɥɢɡɤɨ ɬɚɤɬɭ ɜɵɩɭɫɤɚ.  
Ɉɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ-ɫɛɨɪɳɢɤɨɜ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɡɚɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑃 = ೛்− ೎்ሺ௧˅−௧˒ሻ∙˓ = ଷହ,ଽଵ଻ଶ,ହ = Ͳ,ͷ , ɝɞɟ (101) 
                      
Ɍɪ = 35,91 ɦɢɧ – ɪɚɫɱɟɬɧɚɹ ɫɭɦɦɚɪɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɫɟɯ ɩɟɪɟɯɨɞɨɜ ɫɛɨɪɤɢ (ɫɦ. ɬɚɛ. 9);  
Ɍɫ – ɪɚɫɱɟɬɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɫɨɜɦɟɳɟɧɧɵɯ ɜɨ ɜɪɟɦɟɧɢ ɩɟɪɟɯɨɞɨɜ, ɩɪɢɧɢɦɚɟɦ Ɍɫ = 0;  
tɜ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɚɤɬ ɜɵɩɭɫɤɚ;  
tɩ – ɪɚɫɱɟɬɧɨɟ ɜɪɟɦɹ ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɛɢɪɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɫ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɧɚ ɞɪɭɝɨɟ, ɩɪɢɧɢɦɚɟɦ  tɩ = 0;  ɪ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɩɪɢɧɢɦɚɟɦ ɨɞɢɧ ɩɨɬɨɤ ɪ = 1. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɜɢɞɨɜ ɪɚɛɨɬ ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɝɨ 
ɪɚɛɨɱɟɝɨ-ɫɛɨɪɳɢɤɚ.  
ɒɬɭɱɧɨɟ ɜɪɟɦɹ ɫɛɨɪɨɱɧɨɣ ɨɩɟɪɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
ɲɬ ɨɩT Ɍ 1 .100
      
, ɝɞɟ (102) 
 
Ɍɨɩ – ɨɩɟɪɚɬɢɜɧɨɟ ɜɪɟɦɹ;  α, ȕ, Ȗ – ɜɪɟɦɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɜɪɟɦɹ ɩɟɪɟɪɵɜɨɜ ɧɚ ɨɬɞɵɯ ɢ ɥɢɱɧɵɟ ɧɚɞɨɛɧɨɫɬɢ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ. 
Ɉɩɟɪɚɬɢɜɧɨɟ ɜɪɟɦɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ:  
 ΣɌɜ – ɫɭɦɦɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɪɚɛɨɬɵ, ɜɯɨɞɹɳɢɟ ɜ 
ɨɩɟɪɚɰɢɸ ɢ ɧɟ ɹɜɥɹɸɳɢɟɫɹ ɫɛɨɪɨɱɧɵɦɢ ɩɟɪɟɯɨɞɚɦɢ;  
 ΣɌ′ɨɩ – ɫɭɦɦɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɫɛɨɪɨɱɧɵɯ ɢ ɫɥɟɫɚɪɧɵɯ ɩɟɪɟɯɨɞɨɜ, ɜɯɨɞɹɳɢɯ ɜ  ɨɩɟɪɚɰɢɸ. 
        ɉɪɢ ɧɨɪɦɢɪɨɜɚɧɢɢ ɫɛɨɪɨɱɧɵɯ ɪɚɛɨɬ ɜɪɟɦɹ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ ɧɭɥɸ (α = 0); ɞɨɥɸ ɜɪɟɦɟɧɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ 
ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɩɪɢɦɟɦ ȕ = 5%; ɞɨɥɸ ɜɪɟɦɟɧɢ ɧɚ ɨɬɞɵɯ ɢ ɥɢɱɧɵɟ ɧɚɞɨɛɧɨɫɬɢ, 
ɩɪɢɦɟɦ Ȗ = 6%. 
        Ɉɩɪɟɞɟɥɢɦ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɫɛɨɪɨɱɧɨɣ ɨɩɟɪɚɰɢɢ: 
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ʡ˛˕ = ͵ͷ,ͻͳ ∙ ቀͳ + ହ+଺ଵ଴଴ቁ = ͵ͻ,ͻ ɦɢɧ. 
                  
            ɉɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɥɟɫɚɪɧɨ-ɫɛɨɪɨɱɧɨɣ ɨɩɟɪɚɰɢɢ, ɛɥɢɡɤɨɣ 
ɬɚɤɬɭ ɜɵɩɭɫɤɚ, ɩɪɢɧɢɦɚɟɦ ɧɟɩɨɬɨɱɧɨ-ɫɬɚɰɢɨɧɚɪɧɭɸ ɫɛɨɪɤɭ. ɗɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɡɚɦɤɧɭɬɵɯ ɭɱɚɫɬɤɨɜ, ɜɵɩɭɫɤɚɸɳɢɯ ɢɡɞɟɥɢɹ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ 
ɝɪɭɩɩɵ ɩɨ ɨɞɧɨɪɨɞɧɨɫɬɢ ɫɥɭɠɟɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɉɪɢ ɝɪɭɩɩɨɜɨɣ ɮɨɪɦɟ 
ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɩɭɫɤ ɢɡɞɟɥɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɚɪɬɢɹɦɢ ɫ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɣ 
ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪ ɩɚɪɬɢɢ ɫɨɛɢɪɚɟɦɵɯ ɭɡɥɨɜ ɜ ɦɟɫɹɰ: 
 
ɉɦɟɫ = ɉ/12 = 3000/12 = 250 ɲɬ/ɦɟɫ. (103) 
Ɉɩɪɟɞɟɥɢɦ ɲɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɫɛɨɪɨɱɧɭɸ ɨɩɟɪɚɰɢɸ, 
ɭɱɢɬɵɜɚɸɳɟɟ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɧɚ 





   , ɝɞɟ (104) 
                                         
Ɍɩ.ɡ. – ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɩɪɢɧɢɦɚɟɦ 4% ɨɬ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ;  
n – ɤɨɥɢɱɟɫɬɜɨ ɫɨɛɢɪɚɟɦɵɯ ɭɡɥɨɜ ɜ ɩɚɪɬɢɢ. 
             ɒɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ ɞɥɹ ɫɛɨɪɨɱɧɨɣ ɨɩɟɪɚɰɢɢ, ɫɨɫɬɚɜɢɬ: 
 ʡ˛˕−ˍ = ଷଽ,ଽ∙଴,଴ସଶହ଴ + ͵ͻ,ͻ = ͶͲ ɦɢɧ. 
 
             ɉɨɥɭɱɟɧɧɨɟ ɲɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ, ɧɚ ɜɵɩɨɥɧɟɧɢɟ 
ɫɛɨɪɨɱɧɨɣ ɨɩɟɪɚɰɢɢ ɦɟɧɶɲɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɚɤɬɚ ɜɵɩɭɫɤɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɧɚɡɧɚɱɟɧɧɵɟ ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɧɟ ɬɪɟɛɭɸɬ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɩɪɢɟɦɥɟɦɵ ɞɥɹ ɫɛɨɪɤɢ 
ɭɡɥɚ. 
ɉɨɫɬɪɨɟɧɢɹ ɰɢɤɥɨɝɪɚɦɦɵ ɫɛɨɪɤɢ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɜɫɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɩɪɢɟɦɵ ɢ ɩɟɪɟɯɨɞɵ, ɜɵɩɨɥɧɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɞɧɢɦ ɫɛɨɪɳɢɤɨɦ. 
 
3.8. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɱɢɫɥɚ 
ɪɚɛɨɬɚɸɳɢɯ 
 
          Ɋɚɫɱɟɬ ɱɢɫɥɚ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɫɨɫɬɚɜɚ 
ɪɚɛɨɬɚɸɳɢɯ ɩɪɨɜɟɞɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɟɞɵɞɭɳɟɦ 
ɩɨɞɪɚɡɞɟɥɟ. 
           Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɜɵɩɭɫɤɚ ɩɪɢ ɞɜɭɯɫɦɟɧɧɨɦ 
ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ ɧɟɨɛɯɨɞɢɦɨ 2 ɫɛɨɪɳɢɤɚ – ɩɨ ɨɞɧɨɦɭ ɧɚ ɤɚɠɞɭɸ 
ɫɦɟɧɭ. Ɍɚɤ ɤɚɤ ɫɛɨɪɤɚ ɧɟɩɨɬɨɱɧɨ-ɫɬɚɰɢɨɧɚɪɧɚɹ, ɬɨ ɞɥɹ ɫɛɨɪɤɢ ɭɡɥɚ ɢ ɤɨɧɬɪɨɥɹ 
ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɨɱɧɨɫɬɢ ɱɢɫɥɨ ɫɛɨɪɨɱɧɵɯ ɫɬɟɧɞɨɜ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1.  
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3.9. ɉɥɚɧɢɪɨɜɤɚ ɭɱɚɫɬɤɚ ɫɛɨɪɤɢ 
 
             ɉɥɚɧɢɪɨɜɤɭ ɭɱɚɫɬɤɚ ɫɛɨɪɤɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ  ɫ 
ɩɪɢɧɹɬɨɣ ɮɨɪɦɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɇɚ ɫɛɨɪɨɱɧɨɦ ɭɱɚɫɬɤɟ ɞɥɹ 
ɧɟɩɨɬɨɱɧɨ-ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɛɨɪɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ: 
1. ɋɬɟɧɞ ɞɥɹ ɨɛɳɟɣ ɫɛɨɪɤɢ ɢɡɞɟɥɢɹ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɞɨɥɠɟɧ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɜ ɤɚɱɟɫɬɜɟ ɫɬɟɧɞɚ ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ ɢ ɤɨɧɬɪɨɥɹ ɬɪɟɛɭɟɦɵɯ ɧɨɪɦ ɬɨɱɧɨɫɬɢ; 
2. ȼɟɪɫɬɚɤ ɞɥɹ ɫɛɨɪɤɢ ɩɨɞɭɡɥɨɜ ɢ ɤɨɦɩɥɟɤɬɨɜ; 
3. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɟɫɫ, ɞɥɹ ɫɛɨɪɤɢ ɫɨɟɞɢɧɟɧɢɣ ɫ ɧɚɬɹɝɨɦ; 
4. ȿɦɤɨɫɬɶ ɞɥɹ ɩɪɨɦɵɜɤɢ ɞɟɬɚɥɟɣ, ɫ ɫɟɬɤɨɣ; 
5. ɋɬɨɥɵ ɢ ɫɬɟɥɥɚɠɢ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɩɨɫɬɭɩɥɟɧɢɹ ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɞɟɬɚɥɟɣ 
ɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ, ɞɨɠɢɞɚɸɳɢɯɫɹ ɫɛɨɪɤɢ. 
6. ɋɬɨɥɵ ɢɥɢ ɫɬɟɥɥɚɠɢ ɩɨɞ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢ 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢ ɢɧɫɬɪɭɦɟɧɬɵ. 
7. Ʉɪɚɧ-ɛɚɥɤɚ, ɭɩɪɚɜɥɹɟɦɚɹ ɫ ɩɨɥɚ, ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɢ 
(ɢɥɢ) ɬɹɠɟɥɵɯ ɩɪɟɞɦɟɬɨɜ (ɞɟɬɚɥɢ, ɫɛɨɪɨɱɧɵɟ ɟɞɢɧɢɰɵ, ɫɨɛɪɚɧɧɵɟ ɭɡɥɵ ɢ ɬ.ɞ.); 
8. Ɍɪɚɧɫɩɨɪɬɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɫɨɛɪɚɧɧɵɯ ɢɡɞɟɥɢɣ ɢ 
ɭɡɥɨɜ ɫɨ ɫɛɨɪɨɱɧɨɝɨ ɭɱɚɫɬɤɚ ɧɚ ɫɤɥɚɞ; 
9. ɉɪɟɞɭɫɦɨɬɪɟɬɶ ɩɨɞɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɝɚɣɤɨɜɟɪɬ, ɜɢɧɬɨɜɟɪɬ, ɩɨɞɜɨɞ 
ɜɨɡɞɭɯɚ) ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɫɛɨɪɳɢɤɚ, ɞɥɹ ɦɟɯɚɧɢɡɚɰɢɢ ɫɛɨɪɨɱɧɵɯ ɪɚɛɨɬ.  
 
 Ɋɢɫɭɧɨɤ 8 ɉɥɚɧɢɪɨɜɤɚ ɫɥɟɫɚɪɧɨ-ɫɛɨɪɨɱɧɨɝɨ ɭɱɚɫɬɤɚ 
1 – ɫɬɟɧɞ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɢ ɤɨɧɬɪɨɥɹ ɫɨɛɪɚɧɧɨɝɨ ɭɡɥɚ;  
2 – ɲɤɚɮ ɞɥɹ ɫɬɚɧɞɚɪɬɧɵɯ ɤɪɟɩɟɠɧɵɯ ɷɥɟɦɟɧɬɨɜ;   
3 – ɫɛɨɪɨɱɧɵɣ ɫɬɟɧɞ ɫ ɩɧɟɜɦɨɨɛɨɪɭɞɨɜɚɧɢɟɦ;  
4 – ɩɧɟɜɦɨɩɢɫɬɨɥɟɬ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɬɪɭɠɤɢ ɢ ɩɵɥɢ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ;  
5 – ɜɚɧɧɚ ɞɥɹ ɩɪɨɦɵɜɤɢ ɞɟɬɚɥɟɣ ɩɟɪɟɞ ɫɛɨɪɤɨɣ ɫ ɫɟɬɤɨɣ ɞɥɹ ɫɭɲɤɢ;   
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6 – ɜɟɪɫɬɚɤ ɫɥɟɫɚɪɧɵɣ  ɫ ɬɢɫɤɚɦɢ ɪɭɱɧɵɦɢ;  
7 – ɟɦɤɨɫɬɶ ɫ ɤɨɧɫɢɫɬɟɧɬɧɨɣ ɫɦɚɡɤɨɣ;  
8 – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɟɫɫ;  
9 – ɫɬɟɥɥɚɠ ɞɥɹ ɞɟɬɚɥɟɣ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɤɨɦɩɥɟɤɬɨɜ;        
10 – ɟɦɤɨɫɬɶ ɫ ɦɚɫɥɨɦ;   
11 – ɩɨɞɜɟɫɤɚ ɫ ɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɝɚɣɤɨɜɟɪɬɨɦ;              
12 – ɫɬɟɥɥɚɠ ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ; 
13 – ɩɨɞɜɟɫɤɚ ɫ ɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɜɢɧɬɨɜɟɪɬɨɦ;  
14 – ɤɨɧɬɟɣɧɟɪ ɞɥɹ ɦɭɫɨɪɚ;       
15 – ɬɪɚɧɫɩɨɪɬɧɚɹ ɩɥɚɬɮɨɪɦɚ ɞɥɹ ɝɨɬɨɜɵɯ ɢɡɞɟɥɢɣ;  
16 – ɤɨɧɬɟɣɧɟɪ ɫ ɩɟɫɤɨɦ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɵ ɬɪɭɞɚ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɩɪɨɯɨɞɵ ɦɟɠɞɭ ɫɬɨɥɚɦɢ ɜɟɪɫɬɚɤɚɦɢ ɢ ɩɪɨɱɢɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɧɟ ɦɟɧɟɟ 800 ɦɦ ɢ ɩɪɨɯɨɞɵ ɧɚ ɬɟɪɪɢɬɨɪɢɸ ɫɛɨɪɨɱɧɨɝɨ ɭɱɚɫɬɤɚ: 
ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ – 3000 ɦɦ ɢ ɞɥɹ ɩɟɪɫɨɧɚɥɚ – 1200 ɦɦ. 
ɉɥɚɧ ɭɱɚɫɬɤɚ ɫɛɨɪɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8. 
 
4. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
 
4.1. ɋɥɭɠɟɛɧɨɟ ɧɚɡɧɚɱɟɧɢɟ 
 
ɋɥɭɠɟɛɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɤɨɪɩɭɫɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɞɭɤɬɨɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɛɟɫɩɟɱɟɧɢɢ ɬɨɱɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɫɟɣ ɜɚɥɨɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɟɪɟɞɚɱɢ. 
ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɡɥɟ ɤɨɪɩɭɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɞɭɤɬɨɪɚ ɹɜɥɹɟɬɫɹ 
ɛɚɡɨɜɨɣ ɞɟɬɚɥɶɸ, ɜ ɤɨɬɨɪɵɣ ɜɯɨɞɹɬ ɤɪɟɩɟɠɧɵɟ ɷɥɟɦɟɧɬɵ, ɩɨɞɭɡɥɵ ɢ ɤɨɦɩɥɟɤɬɵ.  
 
4.2. Ɍɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 
ɋ ɰɟɥɶɸ ɧɚɡɧɚɱɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɨɪɩɭɫɚ 
ɜɵɹɜɥɹɟɦ ɮɭɧɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ (ɪɢɫ.9) ɢ ɫɬɪɨɢɦ ɝɪɚɮ-ɫɜɹɡɢ ɦɟɠɞɭ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ (ɪɢɫ. 10) 
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               Ɋɢɫɭɧɨɤ 9 Ɏɭɧɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭɫɚ        
ɝɞɟ Ɉ - ɨɫɧɨɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭɫɚ,  
ȼ - ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭɫɚ,  
Ʉ - ɤɪɟɩёɠɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ,  
ɋ - ɫɜɨɛɨɞɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 10 Ƚɪɚɮ-ɫɜɹɡɢ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪ 
ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɫɜɹɡɟɣ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱɧɨɝɨ ɢ ɨɞɧɨɡɧɚɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ: 
1. ɉɨɜɟɪɯɧɨɫɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɨɬɜɟɪɫɬɢɹ Ø80 ɦɦ, ɹɜɥɹɸɳɟɣɫɹ ɨɩɨɪɧɨɣ 
ɛɚɡɨɣ ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɰ ɩɨɞɲɢɩɧɢɤɨɜ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ ɫ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ Ra = 1,25 ɦɤɦ ɩɨ  ɤɜɚɥɢɬɟɬɭ ɇ7, ɨɛɟɫɩɟɱɢɬɶ ɞɨɩɭɫɤ ɧɚ 
ɞɢɚɦɟɬɪɚɥɶɧɵɣ ɪɚɡɦɟɪ Ɍ = 0,025 ɦɦ; 
2. ɉɨɜɟɪɯɧɨɫɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɨɬɜɟɪɫɬɢɹ Ø52 ɦɦ, ɹɜɥɹɸɳɟɣɫɹ 
ɨɩɨɪɧɨɣ ɛɚɡɨɣ ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɰ ɩɨɞɲɢɩɧɢɤɨɜ ɜɯɨɞɧɨɝɨ ɜɚɥɚ-ɲɟɫɬɟɪɧɢ, 
ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ ɫ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ Ra = 1,25 ɦɤɦ ɩɨ  ɤɜɚɥɢɬɟɬɭ ɇ7, 
ɨɛɟɫɩɟɱɢɬɶ ɞɨɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪɚɥɶɧɵɣ ɪɚɡɦɟɪ Ɍ = 0,025ɦɦ; 
3. ɉɨɜɟɪɯɧɨɫɬɶ ɧɨɠɟɤ ɪɟɞɭɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɭɫɬɚɧɨɜɨɱɧɨɣ ɛɚɡɨɣ 
ɞɥɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ. ɂɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ ɫ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ Ra = 5 ɦɤɦ, 
ɩɨ ɤɜɚɥɢɬɟɬɭ ɇ8 ɜɵɞɟɪɠɢɜɚɹ ɪɚɡɦɟɪ 120 ɦɦ ɢ ɨɛɟɫɩɟɱɢɜɚɹ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ Ɍ = 
0,063 ɦɦ;   
4. ɉɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɨɱɧɨɣ ɛɚɡɨɣ ɞɥɹ 
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Ra = 2,5 ɦɤɦ, ɜɵɞɟɪɠɢɜɚɹ ɪɚɡɦɟɪ 296 ɦɦ ɢ ɨɛɟɫɩɟɱɢɜɚɹ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ Ɍ = 0,07 
ɦɦ. 
5. Ɉɛɟɫɩɟɱɢɬɶ ɞɨɩɭɫɤ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ ɨɬɜɟɪɫɬɢɹ  Ø52ɇ7(+0,025)  ɢ 
Ø80ɇ7(+0,025) Ɍ = 0,016 ɦɦ; 
6. Ɉɛɟɫɩɟɱɢɬɶ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɨɬɜɟɪɫɬɢɣ  
Ø52ɇ7(+0,025)  ɢ Ø80ɇ7(+0,025) Ɍ = 0,016 ɦɦ; 
7. Ɉɛɟɫɩɟɱɢɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɬɨɪɰɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɬɜɟɪɫɬɢɹ  
Ø52ɇ7(+0,025) Ɍ = 0,01 ɦɦ; 
8. Ɉɛɟɫɩɟɱɢɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɬɨɪɰɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɬɜɟɪɫɬɢɹ  
Ø80ɇ7(+0,025) Ɍ = 0,01 ɦɦ. 
 
4.3. Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ 
 
ɂɡ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɫɥɟɞɭɟɬ: 
1. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɱɭɝɭɧ ɋɑ15 ȽɈɋɌ 1412–79, ɢɦɟɸɳɢɣ ɯɨɪɨɲɢɟ ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɤɢ – ɨɬɥɢɜɤɭ; 
2. Ʉɨɧɫɬɪɭɤɰɢɹ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɥɢɬɶɟɦ; 
3. Ɉɛɪɚɛɨɬɤɚ ɨɫɧɨɜɚɧɢɹ ɞɨɩɭɫɤɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɢ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ; 
4. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɞɨɩɭɫɤɚɦ ɧɚ ɪɚɡɦɟɪɵ ɧɟ ɡɚɜɵɲɟɧɵ ɢ ɩɨɡɜɨɥɹɸɬ ɨɫɧɨɜɚɧɢɸ 
ɜɵɩɨɥɧɹɬɶ ɫɜɨɟ ɫɥɭɠɟɛɧɨɟ ɧɚɡɧɚɱɟɧɢɟ; 
5. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɨɱɧɨɫɬɢ 
ɪɚɡɦɟɪɚ; 
6. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ: ɮɨɪɦɚ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɨɬɜɟɪɫɬɢɣ ɞɢɚɦɟɬɪɨɦ 52 ɦɦ ɢ ɞɢɚɦɟɬɪɨɦ 80 ɦɦ ɭɞɨɛɧɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɫ ɨɞɧɨɣ 
ɫɬɨɪɨɧɵ ɨɬɥɢɜɤɢ. 
7. Ⱦɟɬɚɥɶ ɞɨɫɬɚɬɨɱɧɨ ɬɟɯɧɨɥɨɝɢɱɧɚ, ɞɨɩɭɫɤɚɟɬ ɩɪɢɦɟɧɟɧɢɟ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɢɦɟɟɬ ɯɨɪɨɲɢɟ ɛɚɡɨɜɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɢ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɚ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ. 
8. Ɉɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɞɧɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɬ ɜɟɫɬɢ ɨɛɪɚɛɨɬɤɭ ɧɚ 
ɩɪɨɯɨɞ. 
9. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ: ɤɚɤ ɪɟɡɶɛɨɜɵɯ, ɬɚɤ ɢ ɝɥɭɯɢɯ 
ɞɨɩɭɫɤɚɟɬ ɦɧɨɝɨɢɧɫɬɪɭɦɟɧɬɧɭɸ ɨɛɪɚɛɨɬɤɭ. 
10. Ʉɨɧɫɬɪɭɤɰɢɹ ɤɨɪɩɭɫɚ ɩɨɡɜɨɥɹɟɬ ɫɨɜɦɟɳɚɬɶ ɨɫɧɨɜɧɭɸ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɭɸ, ɨɫɧɨɜɧɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɛɚɡɵ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɧɰɢɩ ɟɞɢɧɫɬɜɚ ɛɚɡ. 
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4.4. Ɇɟɬɨɞɵ ɢ ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ 
 
ȼ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɧɬɪɨɥɶ ɬɨɱɧɨɫɬɢ ɤɨɪɩɭɫɧɵɯ ɞɟɬɚɥɟɣ ɜɵɩɨɥɧɹɸɬ 
ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɛɨɪɚɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɢɡɦɟɪɟɧɢɟ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɟɫɤɨɥɶɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɨɱɧɨɫɬɢ ɞɟɬɚɥɢ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɬɚɤɢɯ ɩɪɢɛɨɪɨɜ ɨɫɧɨɜɚɧɚ ɨɛɵɱɧɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ, ɢɧɞɭɤɬɢɜɧɵɯ 
ɢɥɢ ɷɥɟɤɬɪɨɤɨɧɬɚɤɬɧɵɯ ɞɚɬɱɢɤɨɜ (ɪɢɫ.11). 
 
 Ɋɢɫɭɧɨɤ 11 Ʉɨɧɬɪɨɥɶ ɫɨɨɫɧɨɫɬɢ ɞɜɭɯ ɨɬɜɟɪɫɬɢɣ. 
ɂɡɦɟɪɟɧɢɟ ɬɨɱɧɨɫɬɢ ɩɨɜɨɪɨɬɚ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɛɚɡɨɜɨɣ 
ɩɥɨɫɤɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɨɬɜɟɪɫɬɢɹ ɞɨ ɩɥɨɫɤɨɫɬɢ ɜɵɩɨɥɧɹɸɬ ɧɚ 
ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɢɬɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɬɪɨɥɶɧɨɣ ɨɩɪɚɜɤɢ ɢ ɢɧɞɢɤɚɬɨɪɚ ɧɚ 
ɫɬɨɣɤɟ (ɪɢɫ. 12). 
 
 Ɋɢɫɭɧɨɤ 12 ɋɯɟɦɚ ɤɨɧɬɪɨɥɹ ɬɨɱɧɨɫɬɢ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɞɨ ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɢ 
ɢɯ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ 
 Ɋɢɫɭɧɨɤ 13 Ʉɨɧɬɪɨɥɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɬɨɪɰɨɜ ɤ ɨɫɢ ɨɬɜɟɪɫɬɢɹ 
Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɬɨɪɰɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɤ ɨɫɢ ɨɬɜɟɪɫɬɢɹ 
ɩɪɨɜɟɪɹɸɬ ɫ ɩɨɦɨɳɶɸ ɢɧɞɢɤɚɬɨɪɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɨɩɪɚɜɤɟ 
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(ɪɢɫ. 13). Ɉɬɤɥɨɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɢɧɞɢɤɚɬɨɪɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 1 ɢ 
2. Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɬɨɪɰɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɤ ɨɫɢ ɨɬɜɟɪɫɬɢɹ 
ɨɰɟɧɢɜɚɸɬ ɤɚɤ ɪɚɡɧɨɫɬɶ ɩɨɤɚɡɚɧɢɣ, ɨɬɧɟɫɟɧɧɭɸ ɤ ɛɚɡɨɜɨɣ ɞɥɢɧɟ D. 
 
4.5. ȼɵɛɨɪ ɷɤɨɧɨɦɢɱɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɨɥɭɱɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ 
 
ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɱɭɝɭɧ ɋɑ15 ȽɈɋɌ 1412–79, ɢɦɟɸɳɢɣ ɯɨɪɨɲɢɟ ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɤɢ ɨɬɥɢɜɤɭ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɧɚɦɟɬɢɦ ɧɟɫɤɨɥɶɤɨ 
ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ «ɤɨɪɩɭɫ ɪɟɞɭɤɬɨɪɚ»: 
 ɥɢɬɶё ɜ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ; 
 ɥɢɬɶё ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ;  
 ɥɢɬɶɟ ɜ ɤɨɤɢɥɶ; 
Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ, ɢɫɯɨɞɹ ɢɡ 
ɝɨɞɨɜɨɣ ɩɪɨɝɪɚɦɦɵ ɜɵɩɭɫɤɚ ɢ ɦɚɫɫɵ ɨɬɥɢɜɤɢ. 
1. Ʌɢɬɶё ɜ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ. ɗɬɨ ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɦɟɬɨɞ, ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɨɬɥɢɜɤɢ ɫɚɦɨɣ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɥɸɛɨɣ ɦɚɫɫɵ. Ɂɚɝɨɬɨɜɤɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɧɢɠɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɜɵɫɨɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɢ ɛɨɥɶɲɢɦɢ ɩɪɢɩɭɫɤɚɦɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. Ɉɫɧɨɜɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɟɞɢɧɢɱɧɨɦ ɢ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
2. Ʌɢɬɶё ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɜ ɫɟɪɢɣɧɨɦ ɢ ɦɚɫɫɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. ɉɟɫɱɚɧɨ-ɫɦɨɥɹɧɚɹ 
ɮɨɪɦɨɜɨɱɧɚɹ ɫɦɟɫɶ ɫɨɞɟɪɠɢɬ ɦɟɥɤɨɡɟɪɧɢɫɬɵɣ ɩɟɫɨɤ ɢ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 
ɩɨɞɜɢɠɧɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɨɬɩɟɱɚɬɤɚ ɢ ɦɚɥɭɸ 
ɜɵɫɨɬɭ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɨɬɥɢɜɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ: 
ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɨɜ,  ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 12-ɦɭ ɤɜɚɥɢɬɟɬɭ ɢ ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ Rz = 20…10 ɦɤɦ. 
Ʌɢɬɶё ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɨɛɴёɦ ɨɱɢɫɬɧɵɯ ɢ 
ɨɛɪɭɛɧɵɯ ɪɚɛɨɬ ɩɪɢɦɟɪɧɨ ɧɚ 50%, ɪɚɫɯɨɞ ɦɟɬɚɥɥɚ ɧɚ 30÷50%; ɨɛɴёɦ 
ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ 40÷50%, ɪɚɫɯɨɞ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɜ 
10÷20 ɪɚɡ. ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɤɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɦɟɯɚɧɢɡɢɪɨɜɚɧ.  
Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɥɢɬɶɹ ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ 
ɫɬɨɢɦɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ (ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ). 
3. Ʌɢɬɶё ɜ ɤɨɤɢɥɶ. ɂɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɜ ɭɫɥɨɜɢɹɯ 
ɫɟɪɢɣɧɨɝɨ ɢ ɦɚɫɫɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɉɬɥɢɜɤɢ ɜ ɤɨɤɢɥɶ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ 
ɪɚɡɦɟɪɨɜ (11-ɣ, 12-ɣ ɤɜɚɥɢɬɟɬɵ), ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ Ra = 10…5 ɦɤɦ.  
Ɇɧɨɝɨɤɪɚɬɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɦɨɠɟɬ ɫɨɫɬɚɜɢɬɶ ɞɨ 
ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɡɚɥɢɜɨɤ. ȼɧɭɬɪɟɧɧɹɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɨɬɥɢɜɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɩɟɫɱɚɧɵɯ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɟɪɠɧɟɣ. 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɷɬɢɦ ɫɩɨɫɨɛɨɦ ɧɟɩɪɢɟɦɥɟɦɨ ɜ ɫɜɹɡɢ 
ɫ ɬɟɦ, ɱɬɨ ɪɚɡɴёɦ ɮɨɪɦɵ ɧɟɨɛɯɨɞɢɦɨ ɞɟɥɚɬɶ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɬɟɣ, ɨɬɮɨɪɦɨɜɚɬɶ 
ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɥɢɜɤɢ ɫɥɨɠɧɨ, ɪɚɫɩɨɥɨɠɢɬɶ ɫɬɟɪɠɧɢ, ɞɥɹ 
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ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬɜɟɪɫɬɢɣ, ɬɚɤɠɟ ɫɥɨɠɧɨ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨɬ ɫɩɨɫɨɛ ɢɫɤɥɸɱɚɟɦ. 
ɂɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦɢ ɹɜɥɹɸɬɫɹ: 
 ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ; 
 ɥɢɬɶɟ ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ.  
ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɢɦ 
ɡɚɬɪɚɬɚɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɢɦɟɧɶɲɢɟ ɡɚɬɪɚɬɵ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɡɚɝɨɬɨɜɤɢ. 
Ʌɢɬɶɟ ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ 
ɡɚɝɨɬɨɜɤɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɢɠɚɟɬɫɹ ɩɪɢɩɭɫɤ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. 
Ʌɢɬɶё ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ, ɞɥɹ ɝɨɞɨɜɨɣ ɩɪɨɝɪɚɦɦɵ 2000 ɲɬ./ɝɨɞ, 
ɩɪɢɧɢɦɚɟɦ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɢ ɦɚɲɢɧɧɭɸ ɮɨɪɦɨɜɤɭ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɨɞɧɨɪɨɞɧɵɟ ɨɬɥɢɜɤɢ ɫɨ ɫɬɚɛɢɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɬɨɱɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɚɦ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɥɢɬɶɟɦ ɜ 
ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɬɥɢɜɤɢ ɫɪɟɞɧɟɣ ɫɥɨɠɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ 
ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɢɧɢɦɚɟɦ: 
  ɤɥɚɫɫ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ - 10; 
  ɫɬɟɩɟɧɶ ɤɨɪɨɛɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɬɥɢɜɤɢ - 6; 
  ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬɥɢɜɤɢ - 14; 
  ɩɨ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ - ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ Ra = 40 ɦɤɦ; 
Ɍɚɤ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɬɨɱɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɩɪɢɩɭɫɤɢ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɩɟɪɚɰɢɢ ɞɥɹ 
ɬɪɟɛɭɟɦɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɬɚɤɠɟ ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵ. Ɋɚɡɥɢɱɢɹ ɛɭɞɭɬ ɜ 
ɫɬɨɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ. 
ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
Sɡɚɝ = [(Ci/1000) ∙ Q ∙ kɬ ∙ kɫ ∙ kɜ ∙ kɦ ∙ kɩ] – (Q – q) ∙ (Sɨɬɯ/1000), ɝɞɟ (105) 
ɋi - ɛɚɡɨɜɚɹ ɫɬɨɢɦɨɫɬɶ 1 ɬ ɡɚɝɨɬɨɜɨɤ,  ɪɭɛ.;  
Q - ɦɚɫɫɚ ɡɚɝɨɬɨɜɤɢ, ɤɝ: 
ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ  Qɩ-ɝ.ɮ. = 8,3 ɤɝ;   ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ  Qɨɛ.ɮ. = 8,1 ɤɝ 
q - ɦɚɫɫɚ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ, ɤɝ; q = 7,77 ɤɝ 
Sɨɬɯ – ɰɟɧɚ 1 ɬ ɨɬɯɨɞɨɜ, ɪɭɛ.; Sɨɬɯ = 6500 ɪɭɛ. 
kɬ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ; 
kɫ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɝɪɭɩɩɵ ɫɥɨɠɧɨɫɬɢ ɨɬɥɢɜɨɤ (3 ɝɪɭɩɩɚ 
ɫɥɨɠɧɨɫɬɢ); 
kɜ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɚɫɫɵ ɨɬɥɢɜɤɢ; 
kɦ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɨɬɥɢɜɤɢ; 
kɩ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɛɴёɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ; ȼɟɥɢɱɢɧɵ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɧɹɬɵ ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɢ 
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Ɍɚɛɥɢɰɚ 10 ȼɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɡɚɝɨɬɨɜɤɢ 
Ɇɟɬɨɞ ɥɢɬɶɹ kɬ kɫ kɜ kɦ kɩ ɋi 
ȼ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ 1,1 1,0 0,8 1,19 1,0 30000 
ȼ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ 1,1 1,0 0,8 1,19 1,0 35200 
 
ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɥɢɬɶɟɦ ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ: 
 
Sɡɚɝ = [30 ∙ 8,3 ∙ 1,1 ∙ 1,0 ∙ 0,8 ∙ 1,19 ∙ 1,0] – (8,3 – 7,77) ∙ 6,5 = 257 ɪɭɛ. 
 
ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ ɩɨɥɭɱɟɧɧɨɣ ɥɢɬɶɟɦ ɜ ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ:  
 
Sɡɚɝ = [35,2 ∙ 8,1 ∙ 1,1 ∙ 1,0 ∙ 0,8 ∙ 1,19 ∙ 1,0] – (8,1– 7,77) ∙ 6,5 = 296 ɪɭɛ. 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ 
ɜɚɪɢɚɧɬɨɦ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɹɜɥɹɟɬɫɹ ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ ɫ 
ɦɚɲɢɧɧɨɣ ɮɨɪɦɨɜɤɨɣ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ.  
ɋɨɝɥɚɫɧɨ ȽɈɋɌ 26645-85, ɧɚ ɤɚɠɞɭɸ ɨɛɪɚɛɚɬɵɜɚɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 
ɧɚɡɧɚɱɚɟɦ ɩɪɢɩɭɫɤ ɢ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɥɚɫɫɭ ɪɚɡɦɟɪɧɨɣ 
ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ – 10, ɫ ɭɱɟɬɨɦ ɫɬɟɩɟɧɢ: ɤɨɪɨɛɥɟɧɢɹ ɢ ɬɨɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ 
ɨɬɥɢɜɤɢ. Ʉɪɟɩɟɠɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɪɟɡɶɛɭ ɜ ɨɬɥɢɜɤɟ ɧɟ 
ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ-ɡɚ ɢɯ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ. ɍ ɨɬɥɢɜɤɢ ɭɞɚɥɹɸɬ ɥɢɬɧɢɤɢ ɢ 
ɩɪɢɛɵɥɢ. ɉɨɞɜɟɪɝɚɸɬ ɟɟ ɨɱɢɫɬɤɟ ɨɬ ɨɫɬɚɬɤɨɜ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɧɚ 
ɞɪɨɛɟɫɬɪɭɣɧɨɣ ɦɚɲɢɧɟ. 
 
 Ɋɢɫɭɧɨɤ 14 ɋɯɟɦɚ ɥɢɬɟɣɧɨɣ ɨɫɧɚɫɬɤɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɤɢ ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɨɣ ɮɨɪɦɟ 
Ⱦɥɹ ɫɧɹɬɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɬɥɢɜɤɟ, ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ 
ɭɥɭɱɲɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ ɪɟɡɚɧɢɟɦ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɠɢɝ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
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4.6.  Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɛɚɡ. 
 
Ɉɫɧɨɜɧɨɣ ɨɩɟɪɚɰɢɟɣ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɹɜɥɹɟɬɫɹ ɪɚɫɬɨɱɤɚ ɨɬɜɟɪɫɬɢɣ 
ɩɨɞ ɩɨɞɲɢɩɧɢɤ, ɧɨ ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɝɥɚɜɧɭɸ ɡɚɞɚɱɭ:  ɨɛɟɫɩɟɱɢɬɶ 
ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɢɩɭɫɤɚ ɧɚ ɨɛɪɚɛɨɬɤɭ. 
ɉɪɨɜɟɞɟɦ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɤɨɪɩɭɫɚ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɪɟɞɟɥɢɬɶ ɢ ɨɛɪɚɛɨɬɚɬɶ ɬɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɛɚɡ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɰɢɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɡɚɞɚɱɚɦɢ, ɪɟɲɚɟɦɵɦɢ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɨɛɪɚɛɨɬɤɢ 
ɞɚɧɧɨɣ ɞɟɬɚɥɢ, ɹɜɥɹɸɬɫɹ: ɨɛɟɫɩɟɱɟɧɢɟ ɧɨɪɦ ɬɨɱɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɨɬɜɟɪɫɬɢɣ, 
ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɢɩɭɫɤɚ ɧɚ ɪɚɫɬɨɱɤɟ ɨɬɜɟɪɫɬɢɣ, ɨɛɟɫɩɟɱɟɧɢɟ 
ɩɪɨɫɬɨɬɵ ɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɬɨɱɧɨɫɬɢ ɫɜɹɡɟɣ ɦɟɠɞɭ 
ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ ɩɨɜɟɪɯɧɨɫɬɟɣ: ɨɛɪɚɛɚɬɵɜɚɟɦɵɦɢ ɢ ɨɫɬɚɸɳɢɦɢɫɹ ɛɟɡ ɨɛɪɚɛɨɬɤɢ. 
Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ: 
1. ɉɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤ ɫ ɡɚɞɚɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ; 
2. Ɋɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɢɩɭɫɤɚ ɧɚ ɪɚɫɬɨɱɤɭ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ; 
3. ɉɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ  ɫ ɡɚɞɚɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ; 
4. ɉɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɬɨɪɰɨɜ ɨɬɜɟɪɫɬɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɬɜɟɪɫɬɢɣ; 
ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɛɚɡɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɢɡ 2 ɷɬɚɩɨɜ: 
1) ȼɵɛɨɪ ɛɚɡ ɞɥɹ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ 
ɛɚɡɢɪɨɜɚɧɢɹ ɧɚ ɷɬɢɯ ɨɩɟɪɚɰɢɹɯ ɢɫɩɨɥɶɡɭɸɬɫɹ 2 ɨɫɧɨɜɧɵɟ ɫɯɟɦɵ ɛɚɡɢɪɨɜɚɧɢɹ: 
ɚ) ɛɚɡɢɪɨɜɚɧɢɟ ɩɨ ɬɪɟɦ ɩɥɨɫɤɨɫɬɹɦ;  
ɛ) ɛɚɡɢɪɨɜɚɧɢɟ ɩɨ ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɢ ɞɜɭɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɨɬɜɟɪɫɬɢɹɦ. 
2) ȼɵɛɨɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɛɚɡ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɨɩɟɪɚɰɢɹɯ ɨɛɪɚɛɨɬɤɢ ɪɟɡɚɧɢɟɦ ɨɫɧɨɜɧɵɯ ɛɚɡ ɜ ɤɚɱɟɫɬɜɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, ɚ ɡɚɬɟɦ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɪɨɥɹ ɜ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɨɡɧɚɱɚɟɬ 
ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɫɨɛɥɸɞɟɧɢɟ ɩɪɢɧɰɢɩɚ ɟɞɢɧɫɬɜɚ ɛɚɡ. 
ȼɵɛɟɪɟɦ ɜɚɪɢɚɧɬ ɛɚɡɢɪɨɜɚɧɢɹ ɤɨɪɩɭɫɧɨɣ ɞɟɬɚɥɢ ɞɥɹ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ 
(ɨɛɪɚɛɨɬɤɚ ɨɬɜɟɪɫɬɢɣ ɢ ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɨɜ), ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɢɛɨɥɶɲɭɸ 
ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɢɩɭɫɤɨɜ (ɪɢɫ. 15) 
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 Ɋɢɫɭɧɨɤ 15 Ȼɚɡɢɪɨɜɚɧɢɟ ɨɩɟɪɚɰɢɢ ɮɪɟɡɟɪɨɜɚɧɢɹ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ 
 
Ⱥ∆ – ɡɚɦɵɤɚɸɳɟɟ ɡɜɟɧɨ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ Ⱥ. ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ  ωȺ∆ ɛɭɞɟɬ ɪɚɜɧɚ: 
 𝜔ʏ∆ =  𝜔ʏଵ +  𝜔ʏଶ, ɝɞɟ (106) 
ωȺ1 – ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɛɚɡɢɪɨɜɚɧɢɹ ɞɟɬɚɥɢ ɧɚ ɨɩɟɪɚɰɢɢ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ; 
ωȺ2 – ɬɨɱɧɨɫɬɶ ɧɚɫɬɪɨɣɤɢ ɪɚɫɬɨɱɧɨɣ ɨɩɟɪɚɰɢɢ. Ɉɧɚ ɫɨɫɬɚɜɥɹɟɬ ± 0,03 ɦɦ.
  ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ Ⱥ1, ɤɨɬɨɪɚɹ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɨɬ ɫɯɟɦɵ ɛɚɡɢɪɨɜɚɧɢɹ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ. 
1 ɜɚɪɢɚɧɬ (ɪɢɫ.16). ɉɪɢɧɢɦɚɟɦ: 
 ɡɚ ɭɫɬɚɧɨɜɨɱɧɭɸ ɛɚɡɭ – ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɴɟɦɚ ɤɨɪɩɭɫɚ ɢ ɤɪɵɲɤɢ; 
 ɡɚ ɧɚɩɪɚɜɥɹɸɳɭɸ ɛɚɡɭ – ɫɬɟɧɤɭ ɤɨɪɩɭɫɚ ɧɚɢɛɨɥɶɲɟɣ ɞɥɢɧɵ; 
 ɜ ɤɚɱɟɫɬɜɟ ɨɩɨɪɧɨɣ ɛɚɡɵ – ɭɱɚɫɬɨɤ ɤɨɪɨɬɤɨɣ ɫɬɟɧɤɢ ɤɨɪɩɭɫɚ. 
 
 Ɋɢɫɭɧɨɤ 16 ɋɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɩɨ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ ɢ ɫɬɟɧɤɚɦ ɤɨɪɩɭɫɚ 
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ɉɪɢ ɷɬɨɣ ɫɯɟɦɟ ɛɚɡɢɪɨɜɚɧɢɹ ɪɚɡɦɟɪ Ⱥ1 ɩɨɥɭɱɚɟɬɫɹ ɤɚɤ ɡɚɦɵɤɚɸɳɟɟ ɡɜɟɧɨ Ȼ∆ 
ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ Ȼ: 
 𝜔ʏଵ = ωʐ∆ = ωʐଶ + ωʐଵ (107) 
ɋ ɩɨɦɨɳɶɸ ɧɨɪɦɚɬɢɜɨɜ ɫɪɟɞɧɟɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɢ ɞɨɩɭɫɤɨɜ ɧɚ ɪɚɡɦɟɪɵ ɡɚɝɨɬɨɜɤɢ ɨɩɪɟɞɟɥɢɦ ɱɢɫɥɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ. 
Ɋɚɡɦɟɪ ʐଶ - ɷɬɨ ɝɚɛɚɪɢɬɧɵɣ ɪɚɡɦɟɪ ɤɨɪɩɭɫɚ ɫ ɩɪɢɩɭɫɤɨɦ ɩɨɞ ɨɛɪɚɛɨɬɤɭ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ. Ⱦɥɹ ɨɬɥɢɜɤɢ ɧɚɡɧɚɱɚɟɦ ɞɨɩɭɫɤ 4 ɦɦ, ɬɚɤ ɤɚɤ ɩɨɥɟ ɞɨɩɭɫɤɚ 
ɫɢɦɦɟɬɪɢɱɧɨɟ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɩɨɞɜɟɪɝɚɟɦɵɯ ɨɛɪɚɛɨɬɤɟ, ɬɨ ɞɥɹ ɪɚɡɦɟɪɚ ʐଶ = ωʐଶ = 2 ɦɦ. Ɋɚɡɦɟɪ ʐଵ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɤɨɦ ɫɦɟɳɟɧɢɹ, ɜɵɡɜɚɧɧɵɣ ɩɟɪɟɤɨɫɨɦ ɫɬɟɪɠɧɹ. ɍɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɞɢɚɦɟɬɪɚɥɶɧɨɦ ɜɵɪɚɠɟɧɢɢ ɧɚ 1, 2 ɤɥɚɫɫɚ ɬɨɱɧɟɟ ɤɥɚɫɫɚ 
ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ, ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɪɚɡɦɟɪɭ ɧɚɢɛɨɥɟɟ ɬɨɧɤɨɣ ɢɡ 
ɫɬɟɧɨɤ ɨɬɥɢɜɤɢ, ɮɨɪɦɢɪɭɟɦɵɯ ɫ ɭɱɚɫɬɢɟɦ ɫɬɟɪɠɧɹ. ɉɪɢɦɟɦ ɞɨɩɭɫɤ ɧɚ ɫɦɟɳɟɧɢɟ 
ɞɥɹ ɛɨɥɶɲɟɝɨ ɨɬɜɟɪɫɬɢɹ, ɤɚɤ ɢɦɟɸɳɟɝɨ ɛɨɥɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ. Ɍɨɝɞɚ ɩɨɥɟ ɞɨɩɭɫɤɚ 
ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɫɨɫɬɚɜɢɬ 2 ɦɦ. 
Ɂɧɚɹ ɱɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɟɣ ɞɨɩɭɫɤɨɜ ɪɚɡɦɟɪɨɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɡɜɟɧɶɟɜ 
ɨɩɪɟɞɟɥɢɦ ɩɨɥɟ ɞɨɩɭɫɤɚ ɪɚɡɦɟɪɚ ʏ∆: 
 𝜔ʏ∆ =  𝜔ʏଵ +  𝜔ʏଶ = ʹ + Ͳ,Ͳ͸ = ʹ,Ͳ͸ ɦɦ. 
 




Ɋɢɫɭɧɨɤ 17  ɋɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɩɨ ɨɫɹɦ ɝɥɚɜɧɵɯ ɨɬɜɟɪɫɬɢɣ 
 
Ɍɚɤɚɹ ɫɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɜɹɡɚɬɶ ɩɥɨɫɤɨɫɬɶ ɨɫɧɨɜɚɧɢɹ ɫ 
ɩɥɨɫɤɨɫɬɶɸ ɨɫɟɣ ɝɥɚɜɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
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Ɉɛɪɚɛɨɬɚɧɧɚɹ ɩɥɨɫɤɨɫɬɶ ɨɫɧɨɜɚɧɢɹ ɩɪɢɜɹɡɚɧɚ ɤ ɨɫɹɦ ɩɨɥɭɨɬɜɟɪɫɬɢɣ, 
ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɹɜɥɹɸɳɟɣɫɹ ɩɥɨɫɤɨɫɬɶɸ ɪɚɡɴɟɦɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɭɱɚɟɦ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɜɧɨɦɟɪɧɵɣ ɩɪɢɩɭɫɤ ɧɚ ɪɚɫɬɨɱɤɭ 
ɨɬɜɟɪɫɬɢɣ, ɚ ɬɚɤɠɟ ɪɚɜɧɨɦɟɪɧɵɣ ɩɪɢɩɭɫɤ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ. 
Ⱦɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɞɨ ɨɫɢ ɝɥɚɜɧɨɝɨ ɨɬɜɟɪɫɬɢɹ Ɍ = 
0,5 ɦɦ. Ɍɨɱɧɨɫɬɶ ɮɪɟɡɟɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɧɚ 
ɨɩɪɚɜɤɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɥɢɬɵɯ ɨɬɜɟɪɫɬɢɣ ɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫ ɞɨɩɭɫɤɨɦ Ɍ = 
0,7 ɦɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɝɪɟɲɧɨɫɬɶ ωʐ∆ = ͳ,ʹ ˏˏ. ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɡɦɟɪɚ ʏ∆ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɛɚɡɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɢɬ: 
 𝜔ʏ∆ = ωʏଵ + ωʏଶ = ωʑ∆ + Ͳ,Ͳ͵ = ͳ,ʹ͵ˏˏ. 
 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɚɪɚɦɟɬɪ 𝜔ʏ∆ , ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɩɨɥɟ ɪɚɫɫɟɹɧɢɹ ɡɚɦɵɤɚɸɳɟɝɨ ɡɜɟɧɚ, ɩɪɢ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɛɚɡɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ 
ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜɚɪɢɚɧɬɨɜ ɛɚɡɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ 
ɩɨɝɪɟɲɧɨɫɬɟɣ, ɩɪɢɧɢɦɚɟɦ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɛɚɡɢɪɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɧɚ 
ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨ 
ɭɫɬɚɧɨɜɥɟɧɢɸ  ɫɜɹɡɟɣ ɦɟɠɞɭ ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ ɩɨɜɟɪɯɧɨɫɬɟɣ: ɨɛɪɚɛɚɬɵɜɚɟɦɵɦɢ ɢ 
ɨɫɬɚɸɳɢɦɢɫɹ ɛɟɡ ɨɛɪɚɛɨɬɤɢ. Ɍɚɤɠɟ ɷɬɨɬ ɜɚɪɢɚɧɬ ɛɚɡɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ 
ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɨɫɟɣ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɵɯ ɡɚɞɚɧɵ ɩɚɪɚɦɟɬɪɵ 
ɬɨɱɧɨɫɬɢ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ: 
1. ɉɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤ ɫ ɡɚɞɚɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ; 
2. Ɋɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɢɩɭɫɤɚ ɧɚ ɪɚɫɬɨɱɤɭ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ; 
3. ɉɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤ ɫ ɡɚɞɚɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ. 
 
4.7. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɚ ɜ ɛɚɡɨɜɨɦ ɜɚɪɢɚɧɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
ɇɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ 005 ɛɚɡɢɪɨɜɚɧɢɟ ɞɟɬɚɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɫɹɦ 
ɝɥɚɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɫ ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɚɥɶɰɵ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɟɪɟɯɨɞɵ, ɫɬɚɧɨɤ ɢ 
ɨɩɟɪɚɰɢɨɧɧɵɣ ɷɫɤɢɡ, ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
11. 
ɇɚ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ 010 ɛɚɡɢɪɨɜɚɧɢɟ ɞɟɬɚɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɨɛɪɚɛɨɬɚɧɧɨɣ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɛɚɡɟ ɢ ɩɨ ɞɜɭɦ ɨɛɪɚɛɨɬɚɧɧɵɦ 
ɨɬɜɟɪɫɬɢɹɦ (ɞɜɨɣɧɚɹ ɨɩɨɪɧɚɹ ɛɚɡɚ) ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ.  
ɇɚ ɬɪɟɬɶɟɣ ɨɩɟɪɚɰɢɢ 015 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɛɨɪ ɤɪɵɲɤɢ ɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ 
ɫ ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɲɬɢɮɬɵ. 
ɇɚ 4-ɨɣ ɨɩɟɪɚɰɢɢ 020 ɛɚɡɢɪɨɜɚɧɢɟ ɞɟɬɚɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɛɚɡɟ ɢ ɩɨ ɞɜɭɦ ɨɛɪɚɛɨɬɚɧɧɵɦ ɨɬɜɟɪɫɬɢɹɦ 
(ɞɜɨɣɧɚɹ ɨɩɨɪɧɚɹ ɛɚɡɚ) ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ.  
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Ɍɚɛɥɢɰɚ 11 Ɉɩɟɪɚɰɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɚ 












1.ɑɟɪɧɨɜɨɟ ɢ ɱɢɫɬɨɜɨɟ 
ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, 




ɫɜɟɪɥɟɧɢɟ ɢ ɮɪɟɡɟɪɨɜɚɧɢɟ 6 
ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ, 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 11 
1 2 3 
005 ɍɫɬɚɧɨɜ 2 
1. ɑɟɪɧɨɜɨɟ, ɱɢɫɬɨɜɨɟ 
ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɚɡɶɟɦɚ, ɜɵɞɟɪɠɢɜɚɹ ɪɚɡɦɟɪ 
12 ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɧɚ 
ɞɪɭɝɢɯ ɩɟɪɟɯɨɞɚɯ; 
2. ɐɟɧɬɪɨɜɚɧɢɟ, 
ɫɜɟɪɥɟɧɢɟ ɢ ɧɚɪɟɡɚɧɢɟ ɪɟɡɶɛɵ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 11 
1 2 3 
010 ɋɥɟɫɚɪɧɨ-ɫɛɨɪɨɱɧɚɹ 
1. ɋɛɨɪ ɤɪɵɲɤɢ ɢ 
ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɫ 
ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɛɨɥɬɵ. 
2. ɋɜɟɪɥɢɬɶ ɨɬɜɟɪɫɬɢɹ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 11 




1.ɑɟɪɧɨɜɨɟ ɢ ɱɢɫɬɨɜɨɟ 
ɮɪɟɡɟɪɨɜɚɧɢɟ  ɬɨɪɰɨɜ 





ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ 
ɩɨɞɲɢɩɧɢɤɢ, ɜɵɞɟɪɠɢɜɚɹ 
ɪɚɡɦɟɪɵ: 32, 33, 34, 36. 
3. ɐɟɧɬɪɨɜɚɧɢɟ, 
ɫɜɟɪɥɟɧɢɟ ɢ ɧɚɪɟɡɚɧɢɟ ɪɟɡɶɛɵ 
ɨɬɜɟɪɫɬɢɣ, ɜɵɞɟɪɠɢɜɚɹ 






















4.8. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɩɭɫɤɨɜ ɢ ɦɟɠɩɟɪɟɯɨɞɧɵɯ ɪɚɡɦɟɪɨɜ. 
 
ȼɵɩɨɥɧɢɦ ɪɚɫɱёɬ ɩɪɢɩɭɫɤɨɜ ɪɚɫɱёɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɞɥɹ 
ɩɥɨɫɤɨɫɬɢ ɪɚɡɴёɦɚ ɢ ɞɜɭɯ ɨɬɜɟɪɫɬɢɣ: ɨɬɜɟɪɫɬɢɟ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ 
Ø80ɇ7(+0,025) ɦɦ ɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭɫɚ 120ɇ8(+0,063) ɦɦ. ɇɚ 
ɨɫɬɚɥɶɧɵɟ ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɡɧɚɱɢɦ ɩɪɢɩɭɫɤɢ ɢ ɞɨɩɭɫɤɢ ɩɨ ȽɈɋɌ 
26645-85. 
Ɂɚɝɨɬɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɥɢɜɤɭ ɢɡ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɋɑ15 ȽɈɋɌ 1412–
79, ɦɚɫɫɨɣ 8,3 ɤɝ, ɩɨɥɭɱɟɧɧɭɸ ɥɢɬɶɟɦ ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ, ɬɨɱɧɨɫɬɶ 
ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ 10 – 7 – 14 –– 10 ɋɦ 1,6 ȽɈɋɌ 26645-85: 
 ɤɥɚɫɫ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ - 10; 
 ɫɬɟɩɟɧɶ ɤɨɪɨɛɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɬɥɢɜɤɢ - 7; 
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 ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬɥɢɜɤɢ - 14; 
 ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɦɚɫɫɵ  - 10; 
 ɫɦɟɳɟɧɢɟ ɩɨ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ ɩɨɥɭɮɨɪɦ – 1,6 ɦɦ; 
 ɩɨ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ - ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ Ra = 40 ɦɤɦ; 
 ɪɹɞ ɩɪɢɩɭɫɤɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ - 7. 
Ȼɚɡɢɪɨɜɚɧɢɟ ɡɚɝɨɬɨɜɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɞɜɭɦ ɭɫɬɚɧɨɜɨɱɧɵɦ ɨɬɜɟɪɫɬɢɹɦ ɜ 
ɤɨɪɩɭɫɟ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴɟɦɚ 
ɤɨɪɩɭɫɚ. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 18 ɢ 19. 
 
 Ɋɢɫɭɧɨɤ 18 ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ ɞɥɹ 
ɜɚɥɨɜ Ø80ɇ7(+0,025) ɦɦ ɢ Ø52ɇ7(+0,025) ɦɦ 
 Ɋɢɫɭɧɨɤ 19 ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɨɪɩɭɫɚ 120ɇ8 (+0,063) 
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ɇɚ ɨɫɧɨɜɚɧɢɢ 10-ɝɨ ɤɥɚɫɫɚ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ ɩɨ ɬɚɛɥɢɰɟ ɧɚ 
ɧɨɦɢɧɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɨɩɪɟɞɟɥɢɦ ɞɨɩɭɫɤɢ ɧɚ ɪɚɡɦɟɪɵ ɨɬɥɢɜɤɢ: 
 ɧɚ ɪɚɫɫɬɨɹɧɢɟ 120 ɦɦ, ɩɪɢɧɢɦɚɟɦ ɧɚ ɨɞɢɧ ɤɥɚɫɫ ɬɨɱɧɟɟ, ɬɚɤ ɤɚɤ 
ɩɨɥɭɱɟɧ ɨɞɧɨɣ ɩɨɥɭɮɨɪɦɨɣ, Ɍɡ = 3,2 ɦɦ; 
 ɧɚ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɹ Ø 80 ɦɦ, Ɍɡ = 2,2 ɦɦ 
Ⱦɨɩɭɫɤ ɧɟɪɨɜɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬɥɢɜɤɢ, ɞɥɹ 10-ɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ 1,0 ɦɦ. 
Ⱦɨɩɭɫɤɢ ɮɨɪɦɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɬɥɢɜɤɢ, ɞɥɹ 7-ɣ ɫɬɟɩɟɧɢ 
ɤɨɪɨɛɥɟɧɢɹ, ɫ ɭɱɟɬɨɦ ɧɨɦɢɧɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ: 
  ɧɚ ɪɚɫɫɬɨɹɧɢɟ 120 ɦɦ, ɫɨɫɬɚɜɢɬ – 0,5 ɦɦ; 
 ɧɚ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɹ Ø80 ɦɦ, ɫɨɫɬɚɜɢɬ – 0,5 ɦɦ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɨɩɭɫɤɨɜ ɧɚ ɪɚɡɦɟɪɵ, ɧɚ ɮɨɪɦɭ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɟɣ, ɧɚɯɨɞɢɦ ɨɛɳɢɟ ɞɨɩɭɫɤɢ ɧɚ ɷɥɟɦɟɧɬɵ ɨɬɥɢɜɤɢ. Ɍɚɤ ɤɚɤ ɞɨɩɭɫɤ 
ɧɟɪɨɜɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɤɚ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ, ɬɨ ɟɝɨ ɧɟ 
ɭɱɢɬɵɜɚɟɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ: 
 ɞɥɹ ɞɨɩɭɫɤɚ ɪɚɡɦɟɪɚ 120 ɦɦ, ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɛɚɡɵ 3,2 ɦɦ, ɢ ɞɨɩɭɫɤɚ 
ɮɨɪɦɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 0,5 ɦɦ, ɨɛɳɢɣ ɞɨɩɭɫɤ ɷɥɟɦɟɧɬɚ ɨɬɥɢɜɤɢ Ɍɡɚɝ = 3,7 ɦɦ. 
 ɞɥɹ ɪɚɡɦɟɪɚ ɨɬɜɟɪɫɬɢɹ Ø 80 ɦɦ, ɭ ɤɨɬɨɪɨɝɨ ɨɫɶ ɹɜɥɹɟɬɫɹ ɛɚɡɨɣ, ɞɨɩɭɫɤ 
ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɛɚɡɵ 1,1 ɦɦ, ɢ ɞɨɩɭɫɤɚ ɮɨɪɦɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 0,5 ɦɦ, ɨɛɳɢɣ 
ɞɨɩɭɫɤ ɷɥɟɦɟɧɬɚ ɨɬɥɢɜɤɢ Ɍɡɚɝ = 1,6 ɦɦ. Ɉɛɪɚɛɨɬɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 
ɬɨɤɚɪɧɨɦ ɫɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɨɦ  ɫɬɚɧɤɟ ɦɨɞ. 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ, 
ɫ ɢɡɦɟɧɹɟɦɵɦ ɩɨɥɨɠɟɧɢɟɦ ɲɩɢɧɞɟɥɹ ɢ ɩɨɜɨɪɨɬɧɵɦ ɫɬɨɥɨɦ. 
 
4.8.1. Ɋɚɫɱɟɬ ɩɪɢɩɭɫɤɨɜ ɢ ɦɟɠɩɟɪɟɯɨɞɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ 
ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɪɚɫɫɬɨɹɧɢɟ 120(±0,16)ɦɦ ɨɬ 
ɛɚɡɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɣ ɩɪɢɧɹɬɚ ɭɫɬɚɧɨɜɨɱɧɚɹ ɩɥɨɫɤɨɫɬɶ, ɢ 
ɨɛɟɫɩɟɱɢɬɶ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ Ra = 2,5 ɦɤɦ. 
Ɍɪɟɛɭɟɦɚɹ ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ ɞɟɬɚɥɢ Ɍɞ = 0,32 ɦɦ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ  ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɱɢɫɬɨɜɵɦ ɮɪɟɡɟɪɨɜɚɧɢɟɦ ɬɨɪɰɟɜɨɣ ɮɪɟɡɨɣ Ɍɞ = Ɍ2 ɑɢɫɬɨɜɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɟɞɲɟɫɬɜɭɟɬ ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨ T14, ɤɨɬɨɪɨɟ 
ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ Ɍ1 = 0,8 ɦɦ ɜ ɩɪɟɞɟɥɚɯ ± 0,4 ɦɦ. Ɉɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɨɟ ɭɬɨɱɧɟɧɢɟ εɌɨ:  
 
εɌɨ = Ɍɡɚɝ / Ɍɞ = 3,2 / 0,32 = 10, ɝɞɟ (108) 
Ɍɡ – ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ ɡɚɝɨɬɨɜɤɢ;  
Ɍɞ – ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ ɞɟɬɚɥɢ. ɍɬɨɱɧɟɧɢɟ ɩɪɢ ɱɢɫɬɨɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ: 
  
 ε2 = Ɍ1 / Ɍ2 = 0,8 / 0,32 = 2,5 
 
ɍɬɨɱɧɟɧɢɟ ɩɪɢ ɱɟɪɧɨɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ:   
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ε1 = Ɍɡɚɝ / Ɍ2 = 3,2 / 0,8 = 4 
 
Ɉɛɳɟɟ ɭɬɨɱɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɛɪɚɧɧɵɯ 
ɩɟɪɟɯɨɞɨɜ: 
 
εɨ = ε1 ∙ ε2 = 2,5 ∙ 4= 9,93 = εɌɨ (109) 
 
ɱɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɞɨɫɬɢɠɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ ɞɟɬɚɥɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ ɫɨɫɬɨɢɬ ɢɡ: 
 ɑɟɪɧɨɜɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ (Rz = 80 ɦɤɦ, 14 ɤɜɚɥɢɬɟɬ); 
 ɑɢɫɬɨɜɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ (Rɚ = 5,0 ɦɤɦ, 13 ɤɜɚɥɢɬɟɬ). 
Ɇɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ 
(ɨɞɧɨɫɬɨɪɨɧɧɢɣ ɩɪɢɩɭɫɤ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
zi min = (Rz + h)i – 1 + ΔΣi – 1 + εi, ɝɞɟ (110) 
 
Rzi-1 – ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɢ ɩɪɨɮɢɥɹ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɩɟɪɟɯɨɞɟ, ɦɤɦ;  
hi-1 – ɝɥɭɛɢɧɚ ɞɟɮɟɤɬɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɩɟɪɟɯɨɞɟ, ɦɤɦ;  
ΔΣi-1 –  ɫɭɦɦɚɪɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɤɦ;  εi – ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɵɩɨɥɧɹɟɦɨɦ ɩɟɪɟɯɨɞɟ, ɦɤɦ. Ⱦɥɹ ɨɬɥɢɜɨɤ ɢɡ ɱɭɝɭɧɚ ɩɪɢ ɦɚɲɢɧɧɨɣ ɮɨɪɦɨɜɤɟ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ 
ɢ ɧɚɢɛɨɥɶɲɟɦ ɪɚɡɦɟɪɟ ɞɨ 500 ɦɦ: Rz + h = 400 ɦɤɦ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɢɡ 
ɬɚɛɥɢɰɵ: ΔΣɡɚɝ = 0,5 ɦɦ ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɨɬɥɢɜɤɢ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɟ: ɩɨɝɪɟɲɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɟɪɧɨɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ: εɭ1 = 0,051 ɦɦ Ɍɨɝɞɚ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɨɞ ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ:  
 
z1 min = 400 + 500 + 51 = 951 ɦɤɦ 
 
ɉɨɫɥɟ ɩɟɪɜɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ ɱɟɪɧɨɜɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ  
ɧɚɡɧɚɱɚɟɦ – Rz = 50 ɦɤɦ; h = 50 ɦɤɦ. 
Ɉɫɬɚɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ:  
 
Δɨɫɬ = kɭ ∙ Δɡɚɝ, ɝɞɟ (111) 
 
kɭ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɨɱɧɟɧɢɹ ɮɨɪɦɵ. ɉɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ:  
 
ΔΣ1 = 0,06 ∙ 500 = 30 ɦɤɦ. 
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ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɢɫɬɨɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ εɭi-1 = 0, ɬɚɤ ɤɚɤ 
ɱɢɫɬɨɜɨɟ ɢ ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɢ ɛɟɡ 
ɩɟɪɟɡɚɤɪɟɩɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ. 
Ɉɩɪɟɞɟɥɢɦ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɨɞ ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ: 
 
z2 min = 100 + 30 + 0 = 130 ɦɤɦ 
 
Ƚɪɚɮɭ «Ɋɚɫɱёɬɧɵɣ ɪɚɡɦɟɪ» ɬɚɛɥɢɰɵ 12 ɡɚɩɨɥɧɹɟɦ, ɧɚɱɢɧɚɹ ɫ ɤɨɧɟɱɧɨɝɨ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɩɨ ɱɟɪɬɟɠɭ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɪɢɛɚɜɥɟɧɢɟɦ ɪɚɫɱёɬɧɨɝɨ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ, ɤɚɠɞɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ: 
 
Ⱥɪ2 = Ⱥmin 2 + z2 min = 119,6 + 0,13 = 119,79 ɦɦ; 
 
Ⱥɪ1 = Ⱥmin 1 + z1 min = 119,96 + 0,951 = 120,911 ɦɦ 
(112) 
 
Ɂɧɚɱɟɧɢɟ ɞɨɩɭɫɤɨɜ ɤɚɠɞɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢɧɢɦɚɟɦ ɩɨ 
ɬɚɛɥɢɰɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɜɚɥɢɬɟɬɨɦ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɛɨɬɤɢ. 
ɇɚɢɦɟɧɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɪɚɡɦɟɪ ɨɩɪɟɞɟɥɹɟɦ ɨɤɪɭɝɥɟɧɢɟɦ ɪɚɫɱёɬɧɵɯ 
ɪɚɡɦɟɪɨɜ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɡɧɚɱɟɧɢɣ. Ɉɤɪɭɝɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɦ ɞɨ ɬɨɝɨ ɠɟ 
ɡɧɚɤɚ ɞɟɫɹɬɢɱɧɨɣ ɞɪɨɛɢ, ɫ ɤɚɤɢɦ ɞɚɧ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ. 
ɇɚɢɛɨɥɶɲɢɟ ɩɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɨɩɪɟɞɟɥɹɟɦ ɩɪɢɛɚɜɥɟɧɢɟɦ ɞɨɩɭɫɤɨɜ ɤ 
ɧɚɢɦɟɧɶɲɢɦ ɩɪɟɞɟɥɶɧɵɦ ɪɚɡɦɟɪɚɦ: 
 
Ⱥmax 2 = Ⱥmin 2 + T2 = 119,79 + 0,32 = 120,11 ɦɦ; 
 
Ⱥmax 1 = Ⱥmin 1 + T1 = 120,0 + 0,8 = 120,8 ɦɦ; 
 
Ⱥmax ɡɚɝ = Ⱥmin ɡɚɝ + Tɡɚɝ = 120,9 + 3,2 = 124,1 ɦɦ; 
(113) 
 
Ɇɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɪɚɜɧɵ ɪɚɡɧɨɫɬɢ ɧɚɢɦɟɧɶɲɢɯ 
ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ, ɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɡɧɨɫɬɢ 
ɧɚɢɛɨɥɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ: 
 
ï ð.
min 2z = Ⱥmin 1 – Ⱥmin 2 = 120 – 119,79 = 0,21 ɦɦ; 
 
ï ð.
min1z = Ⱥmin ɡɚɝ – Ⱥmin 1 = 120,9 – 120 = 0,9 ɦɦ; 
 
ï ð.
max 2z = Ⱥmax 1 – Ⱥmax 2 = 120,8 – 120,11 = 0,69 ɦɦ; 
 
ï ð.
max1z = Ⱥmax ɡɚɝ – Ⱥmax 1 = 124,1 – 120,8 = 3,3 ɦɦ. 
(114) 
 
Ɉɛɳɢɟ ɩɪɢɩɭɫɤɢ z0 min ɢ z0 max ɨɩɪɟɞɟɥɹɟɦ, ɫɭɦɦɢɪɭɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɢɩɭɫɤɢ, ɢ ɡɚɩɢɫɵɜɚɟɦ ɢɯ ɡɧɚɱɟɧɢɹ ɜɧɢɡɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɪɚɮ. 
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z0 min = 900 + 210 = 1110 ɦɤɦ; 
 
z0 max = 3300 + 690 = 3990 ɦɤɦ. 
 
Ɉɛɳɢɣ ɧɨɦɢɧɚɥɶɧɵɣ ɩɪɢɩɭɫɤ: 
 
z0 ɧɨɦ = z0 min + Ɍɡɚɝ – Ɍɞ = 1110 + 1600 – 160 = 2550 ɦɤɦ = 2,55 ɦɦ. (115) 
 
ɇɨɦɢɧɚɥɶɧɵɣ ɪɚɡɦɟɪ ɡɚɝɨɬɨɜɤɢ: 
 
Ⱥɡɚɝ. ɧɨɦ = Ⱥɞ.ɧɨɦ + z0 ɧɨɦ = 120 + 2,55 = 122,55 ɦɦ. (116) 
 
ɉɪɨɢɡɜɟɞёɦ ɩɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɱёɬɚ: 
 ʹ𝑧௠௔௫ଶ − ʹ𝑧௠𝑖௡ଶ = ଵܶ − ଶܶ 
 
690 – 210 = 800 – 320 
 
480 = 480 
ʹ𝑧௠௔௫ଵ − ʹ𝑧௠𝑖௡ଵ = ܶˇ − ଵܶ 
 
3300 – 900 = 3200 – 800 
 
2400 = 2400 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɪɚɫɱёɬɨɜ ɩɨɫɬɪɨɢɦ ɫɯɟɦɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɢ 














Ɋɢɫɭɧɨɤ 20 ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɢ ɞɨɩɭɫɤɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ ɭɫɬɚɧɨɜɨɱɧɨɣ 







Ⱥ ɡɚɝ =124,1 
Z ɩɪ min2  = 0,21 Ɍɡɚɝ  = 3,2 
Ɍ1  = 0,8 Ɍ2  = 0,32 
Ⱥmin ɡɚɝ =120,9 
Z ɩɪ max1  = 3,3 
Z ɩɪ max2  = 0,69 
Ⱥmax 1 =120,8 
Ⱥmax 2 =120,11 
Ⱥmax ɡɚɝ =124,1 
Z ɩɪ min1  = 0,9 
Ⱥmin 1 =120 
Ⱥmin 2 =119,6 
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Ɍɚɛɥɢɰɚ 12 Ɋɚɫɱёɬ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ 












































 Rz h ΔΣ εɭ 
Ɂɚɝɨɬɨɜɤɚ 
(ɨɬɥɢɜɤɚ  ɤɥ. 
ɬɨɱɧɨɫɬɢ) 
400 500 51 951 120,911 3200 120,9 124,1 – – 
1.Ɏɪɟɡɟɪɨɜɚɧɢɟ  
(ɱɟɪɧɨɜɨɟ) 50 50 30 0 130 119,96 800 120 120,8 900 3300 
2.Ɏɪɟɡɟɪɨɜɚɧɢɟ  
(ɱɢɫɬɨɜɨɟ) – – – – – 119,79 320 119,6 120,11 210 690 
ɂɬɨɝɨ, :  1110 3990 
 
4.8.2.  Ɋɚɫɱɟɬ ɩɪɢɩɭɫɤɨɜ ɢ ɦɟɠɩɟɪɟɯɨɞɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɪɚɫɬɨɱɤɭ 
ɨɬɜɟɪɫɬɢɹ ɜ ɤɨɪɩɭɫɟ Ø 80 H7 (+0,025) ɦɦ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ ɨɬɜɟɪɫɬɢɹ 
Ø80(+0,025) ɦɦ (Ɍɞ = 0,025 ɦɦ) ɢ ɨɛɟɫɩɟɱɢɬɶ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ Ra = 2,5 ɦɤɦ. 
ɉɨ ɬɚɛɥɢɰɟ ɧɚɯɨɞɢɦ ɞɨɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪ ɥɢɬɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɞɥɹ 10-ɝɨ ɤɥɚɫɫɚ 
ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ, Ɍɡɚɝ = 2,8 ɦɦ ɢ ɧɚɡɧɚɱɚɟɦ ɩɪɟɞɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ± 1,4 ɦɦ. 
Ɉɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɨɟ ɭɬɨɱɧɟɧɢɟ εɌɨ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɩɪɢ 
ɪɚɫɬɚɱɢɜɚɧɢɢ ɥɢɬɨɝɨ ɨɬɜɟɪɫɬɢɹ (108):   
 
εɌɨ = Ɍɡɚɝ / Ɍɞ = 2,8 / 0,025 = 111,8 
 
Ɍɪɟɛɭɟɦɚɹ ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ ɞɟɬɚɥɢ Ɍɞ = 0,025 ɦɦ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ Ra = 2,5 ɦɤɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɱɢɫɬɨɜɵɦ ɪɚɫɬɚɱɢɜɚɧɢɟɦ ɫ ɬɨɱɧɨɫɬɶɸ 
Ɍɞ = Ɍ3.  ɑɢɫɬɨɜɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɟɞɲɟɫɬɜɭɟɬ ɩɨɥɭɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɩɨ IT10, 
ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ Ɍ2 = 0,085 ɦɦ. ɍɬɨɱɧɟɧɢɟ ɩɪɢ ɱɢɫɬɨɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ: 
 
ε3 = Ɍ2 / Ɍɞ = 0,085 / 0,025 = 3,4 
 
ɉɨɥɭɱɢɫɬɨɜɨɦɭ ɪɚɫɬɚɱɢɜɚɧɢɸ ɩɪɟɞɲɟɫɬɜɭɟɬ ɱɟɪɧɨɜɨɟ ɩɨ IT13, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɨɱɧɨɫɬɶ ɪɚɡɦɟɪɚ Ɍ1 = 0,25 ɦɦ. ɍɬɨɱɧɟɧɢɟ ɩɪɢ ɩɨɥɭɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ: 
 
ε2 = Ɍ1 / Ɍ2 = 0,25 / 0,085 = 2,94 
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ɍɬɨɱɧɟɧɢɟ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ:  
 
ε1 = ɌɁɚɝ / Ɍ1 =2,8 / 0,25 = 11,2 
 
Ɉɛɳɟɟ ɭɬɨɱɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɛɪɚɧɧɵɯ 
ɩɟɪɟɯɨɞɨɜ: 
 
εɨ = ε1 ∙ ε2 ∙ ε3 = 3,4 ∙ 2,94 ∙ 11,2 = 111,9 ≥ εɌɨ 
 
ɱɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɞɨɫɬɢɠɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ ɞɟɬɚɥɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ ɫɨɫɬɨɢɬ ɢɡ: 
 ɑɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ (Rz = 60 ɦɤɦ, 12 ɤɜɚɥɢɬɟɬ); 
 ɉɨɥɭɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ (Rz = 25 ɦɤɦ, 9 ɤɜɚɥɢɬɟɬ); 
 ɑɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ (Rɚ = 2,5 ɦɤɦ, 7 ɤɜɚɥɢɬɟɬ). 
Ɋɚɫɱёɬ ɩɪɢɩɭɫɤɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɟ 13, ɫ ɨɩɢɫɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɹ ɢ ɜɫɟ ɡɧɚɱɟɧɢɹ ɩɪɢɩɭɫɤɨɜ. 
Ɇɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɪɚɳɟɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
  2 2i min i 1 i 1 i 1 i2z 2 Rz h         , ɝɞɟ (117) 
 
Rzi-1 – ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɢ ɩɪɨɮɢɥɹ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɩɟɪɟɯɨɞɟ, ɦɤɦ;   
hi-1 – ɝɥɭɛɢɧɚ ɞɟɮɟɤɬɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɩɟɪɟɯɨɞɟ, ɦɤɦ;  
ΔΣi-1 –  ɫɭɦɦɚɪɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɤɦ; 
 εi – ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɵɩɨɥɧɹɟɦɨɦ ɩɟɪɟɯɨɞɟ, ɦɤɦ. Ⱦɥɹ ɨɬɥɢɜɨɤ ɢɡ ɫɬɚɥɢ ɩɪɢ ɦɚɲɢɧɧɨɣ ɮɨɪɦɨɜɤɟ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ 
ɢ ɧɚɢɛɨɥɶɲɟɦ ɪɚɡɦɟɪɟ ɞɨ 500 ɦɦ Rz + h = 400 ɦɤɦ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɬɚɛɥɢɰɵ: 
Δɪ.ɮ.ɨ = 0,5 ɦɦ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɛɚɡ, ɩɪɢɧɢɦɚɟɦ ɫɦɟɳɟɧɢɟ ɜɵɡɜɚɧɧɨɟ ɩɟɪɟɤɨɫɨɦ ɫɬɟɪɠɧɹ Δɪ.ɬ.ɛ = 1,4 ɦɦ. ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɮɨɪɦɵ: 
 
ΔΣɡɚɝ = (Δɪ.ɮ.ɨ2 + Δɪ.ɬ.ɛ2)0,5 = (0,52 + 1,42)0,5 = 1,48 ɦɦ. (118) 
ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɨɬɥɢɜɤɢ ɧɚ ɩɚɥɶɰɵ ɫɱɢɬɚɸɬɫɹ ɩɨ ɬɚɛɥɢɰɟ:  
ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ: εi = 51 ɦɤɦ Ɍɨɝɞɚ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɨɞ ɱɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ: 
 
z1 min = 400 + 1480 + 51 = 1931 ɦɤɦ 
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ɉɨɫɥɟ ɩɟɪɜɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ   
ɧɚɡɧɚɱɚɟɦ – Rz = 50 ɦɤɦ; h = 50 ɦɤɦ. 
Ɉɫɬɚɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ 
ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 111.   
Ɍɨɝɞɚ ɩɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ:  
 
ΔΣ1 = 0,06 ∙ 1480 = 89 ɦɤɦ. 
 
ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɩɨɥɭɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ εɭi-1 = 0, ɬɚɤ ɤɚɤ ɱɢɫɬɨɜɨɟ, ɩɨɥɭɱɢɫɬɨɜɨɟ ɢ ɱɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɢ 
ɛɟɡ ɩɟɪɟɡɚɤɪɟɩɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ. 
Ɉɩɪɟɞɟɥɢɦ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɨɞ ɩɨɥɭɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ: 
 
z2 min = 160 + 89 + 0 = 249 ɦɤɦ 
 
ɉɨɫɥɟ ɜɬɨɪɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨɥɭɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ   
ɧɚɡɧɚɱɚɟɦ – Rz = 25 ɦɤɦ; h = 25 ɦɤɦ. 
Ɉɫɬɚɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ:   
 
ΔΣ2 = 0,04 ∙ 1480 = 59,8 ɦɤɦ. 
 
ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ εɭi-1 = 0. Ɉɩɪɟɞɟɥɢɦ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɩɨɞ ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ: 
 
z3 min = 50 + 59,8 + 0 = 109 ɦɤɦ 
 
Ƚɪɚɮɭ «Ɋɚɫɱёɬɧɵɣ ɪɚɡɦɟɪ» ɬɚɛɥɢɰɵ 13 ɡɚɩɨɥɧɹɟɦ, ɧɚɱɢɧɚɹ ɫ ɤɨɧɟɱɧɨɝɨ 
ɪɚɡɦɟɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɜɵɱɢɬɚɧɢɟɦ ɪɚɫɱёɬɧɨɝɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ ɞɥɹ 
ɤɚɠɞɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ: 
 ɞɥɹ ɩɨɥɭɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ:   
 
dɪ2 = 80,025 – 0,109 = 79,916 ɦɦ; 
 
 ɞɥɹ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ:  
 
dɪ1 = 79,916 – 0,249 = 79,667 ɦɦ; 
 
 ɞɥɹ ɡɚɝɨɬɨɜɤɢ:   
 
dɪ.ɡɚɝ. = 79,667 – 1,931 = 77,736 ɦɦ. 
 
Ɂɧɚɱɟɧɢɟ ɞɨɩɭɫɤɨɜ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɜɚɥɢɬɟɬɨɦ, 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɛɨɬɤɢ. ɇɚɢɛɨɥɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɪɚɡɦɟɪ ɨɩɪɟɞɟɥɹɟɦ 
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ɨɤɪɭɝɥɟɧɢɟɦ ɪɚɫɱёɬɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɢɯ ɡɧɚɱɟɧɢɣ. Ɉɤɪɭɝɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɦ ɞɨ ɬɨɝɨ ɠɟ ɡɧɚɤɚ ɞɟɫɹɬɢɱɧɨɣ ɞɪɨɛɢ, ɫ ɤɚɤɢɦ ɞɚɧ ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ. 
ɇɚɢɦɟɧɶɲɢɟ ɩɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɨɩɪɟɞɟɥɹɟɦ ɜɵɱɢɬɚɧɢɟɦ ɞɨɩɭɫɤɨɜ ɨɬ 
ɧɚɢɛɨɥɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ: 
 
dmin 3 = dmax 3 – T3 = 80,025– 0,025 = 80 ɦɦ; 
 
dmin 2 = dmax 2 – T2 = 79,916 – 0,085 = 79,831 ɦɦ; 
 
dmin 1 = dmax 1 – T1 = 79,66 – 0,25 = 79,41 ɦɦ; 
 
dmin ɡɚɝ = dmax ɡɚɝ – Tɡɚɝ = 77,7 – 2,8 = 74,9 ɦɦ; 
(119) 
 
        Ɇɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɪɚɜɧɵ ɪɚɡɧɨɫɬɢ ɧɚɢɛɨɥɶɲɢɯ 
ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ, ɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɧɨɫɬɢ 
ɧɚɢɦɟɧɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɜɵɩɨɥɧɹɟɦɨɝɨ ɢ ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɩɟɪɟɯɨɞɨɜ: 
 ʹz୫a୶ଷ = d୫୧୬ଷ − d୫୧୬ଶ= 80 - 79,831= 0,169 ɦɦ = 169 ɦɤɦ; 
 
ï ð
min2 min1max 22z d d  = 79,831– 79,41 = 0,421 ɦɦ = 421 ɦɤɦ; 
 
ï ð
min1 min çàãmax12z d d  = 79,41 – 74,9 = 4,51 ɦɦ = 4510 ɦɤɦ. 
 
ï ð
max3 max 2min32z d d  = 80,025 – 79,916 = 0,109 ɦɦ = 109 ɦɤɦ; 
 
ï ð
max 2 max1min 22z d d  = 79,916 – 79,66 = 0,256 ɦɦ = 256 ɦɤɦ; 
 
ï ð
max1 max çàã.min12z d d  = 79,66 – 77,7 = 1,96 ɦɦ = 1960 ɦɤɦ. 
(120) 
 
          Ɉɛɳɢɟ ɩɪɢɩɭɫɤɢ z0min ɢ z0max ɨɩɪɟɞɟɥɹɟɦ, ɫɭɦɦɢɪɭɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 
ɩɪɢɩɭɫɤɢ, ɢ ɡɚɩɢɫɵɜɚɟɦ ɢɯ ɡɧɚɱɟɧɢɹ ɜɧɢɡɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɪɚɮ. 
 
2z0 min = 109 + 256 + 1960 = 2325 ɦɤɦ; 
 
2z0 max = 169 + 421 + 4510 = 5100 ɦɤɦ. 
 
          Ɉɛɳɢɣ ɧɨɦɢɧɚɥɶɧɵɣ ɩɪɢɩɭɫɤ: 
 
z0 ɧɨɦ = z0 min + ȼɡɚɝ – ȼɞ = 2325 + 1400 – 25 = 3700 ɦɤɦ = 3,7 ɦɦ. (121) 
 
ɇɨɦɢɧɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɡɚɝɨɬɨɜɤɢ: 
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dɡɚɝ. ɧɨɦ = dɞ.ɧɨɦ – z0 ɧɨɦ = 80 – 3,7 = 76,3 ɦɦ. (122) 
 
ɉɪɨɢɡɜɟɞёɦ ɩɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɱёɬɚ: ʹ𝑧௠௔௫ଷ − ʹ𝑧௠𝑖௡ଷ= ଶܶ − ଷܶ 
 ͳ͸ͻ − ͳͲͻ = ͺͷ − ʹͷ 
 ͸Ͳ = ͸Ͳ 
 ʹ𝑧௠௔௫ଶ − ʹ𝑧௠𝑖௡ଶ= ଵܶ − ଶܶ 
 Ͷʹͳ − ʹͷ͸ = ʹͷͲ − ͺͷ 
 ͳ͸ͷ = ͳ͸ͷ 
 
ʹ𝑧௠௔௫ଵ − ʹ𝑧௠𝑖௡ଵ = ܶˇ − ଵܶ 
 ͶͷͳͲ − ͳͻ͸Ͳ= ʹͺͲͲ − ʹͷͲ 
 ʹͷͷͲ = ʹͷͷͲ 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɪɚɫɱёɬɨɜ ɩɨɫɬɪɨɢɦ ɫɯɟɦɭ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 



























Ɍɡɚɝ  = 2,8 Ɍ3  = 0,025 
2Z ɩɪ max3  = 
0,169 
dmin 3 =80 
2Z ɩɪ min2  = 0,256 
2Z ɩɪ min3  = 0,109 
dmax 3 =80,025 
 
Ɍ1  = 0,25 Ɍ2  = 0,085 
2Z ɩɪ max1  = 4,51 
dmax 1 = 79,66 
dmax ɡɚɝ =77,7 
2Z ɩɪ max2  = 
0,421 
dmax 2 =79,916 
 
2Z ɩɪ min1  = 1,96 
dmin ɡɚɝ =74,9 
dmin 1 =79,41 
dmin 2 =79,831 
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Ɍɚɛɥɢɰɚ 13 Ɋɚɫɱёɬ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ ɨɬɜɟɪɫɬɢɹ ɤɨɪɩɭɫɚ ɧɚɫɨɫɚ  















































Rz h ΔΣ εɭ 
Ɂɚɝɨɬɨɜɤɚ 
(ɨɬɥɢɜɤɚ  
 ɤɥ. ɬɨɱɧɨɫɬɢ) 
400 1480 51 1931 77,7 2800 74,9 77,7 – – 
1.Ɋɚɫɬɚɱɢɜɚɧɢɟ  
(ɱɟɪɧɨɜɨɟ) 50 50 92 0 249 79,66 250 79,41 79,66 1960 4510 
2.Ɋɚɫɬɚɱɢɜɚɧɢɟ  
(ɩɨɥɭɱɢɫɬɨɜɨɟ) 25 25 62 0 109 79,916 85 79,831 79,916 256 421 
3.Ɋɚɫɬɚɱɢɜɚɧɢɟ  
(ɱɢɫɬɨɜɨɟ) – – – – –80,025 25 80 80,025 109 169 
ɂɬɨɝɨ, :  2325 5100 
 
Ɍɚɛɥɢɰɚ 14 ɉɪɢɩɭɫɤɢ ɢ ɞɨɩɭɫɤɢ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɪɚɡɦɟɪɵ ɨɬɥɢɜɤɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ 
ɇɨɦɢɧɚɥɶɧɵɣ ɪɚɡɦɟɪ 
ɞɟɬɚɥɢ 
ɉɪɢɩɭɫɤ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ 
Ⱦɨɩɭɫɤ 
ɬɚɛɥɢɱɧɵɣ ɪɚɫɱɟɬɧɵɣ 
Ø 80 2∙3,1 2∙2,1 ±1,4 
120 4,4 3,6 ±1,8 
 
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɟɥɢɱɢɧ ɩɪɢɩɭɫɤɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 14, ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ: ɢɡɝɨɬɨɜɥɟɧɢɟ ɥɢɬɟɣɧɨɣ ɨɫɧɚɫɬɤɢ ɩɨ ɪɚɫɱɟɬɧɵɦ ɩɪɢɩɭɫɤɚɦ 
ɩɨɡɜɨɥɢɬ ɭɦɟɧɶɲɢɬɶ ɩɪɢɩɭɫɤɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɫɧɢɡɢɬɶ ɨɛɴɟɦ ɨɬɯɨɞɨɜ ɢ ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. 
 
4.9. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 
 
4.9.1. ɋɬɪɭɤɬɭɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɨɩɟɪɚɰɢɣ 
 
ɋɬɪɭɤɬɭɪɭ ɨɩɟɪɚɰɢɣ ɡɚɞɚɟɦ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɢɧɰɢɩɭ: 
1) Ʉɨɥɢɱɟɫɬɜɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɡɚɝɨɬɨɜɨɤ ɧɚ ɫɬɚɧɤɟ 
(ɨɞɧɨɦɟɫɬɧɵɟ, ɦɧɨɝɨɦɟɫɬɧɵɟ); 
2) Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɚɸɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɜ ɧɚɥɚɞɤɟ (ɨɞɧɨɢɧɫɬɪɭɦɟɧɬɧɚɹ,  
ɦɧɨɝɨɢɧɫɬɪɭɦɟɧɬɧɚɹ);  
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3) ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɟɯɨɞɨɜ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ, ɩɚɪɚɥɥɟɥɶɧɵɣ, 
ɩɚɪɚɥɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ); 
ɋɬɪɭɤɬɭɪɚ ɨɩɟɪɚɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 15. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɬɚɧɤɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 16. ȼɧɟɲɧɢɣ ɜɢɞ ɢ ɜɨɡɦɨɠɧɵɟ 
ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɬɚɧɤɚ ɦɨɞ. 800VHT. 
 
Ɍɚɛɥɢɰɚ 15 ɋɬɪɭɤɬɭɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɨɩɟɪɚɰɢɣ 
№ 
 




Ɉɛɪɚɛɨɬɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ, ɨɞɧɨɦɟɫɬɧɚɹ 
005 Ɏɪɟɡɟɪɧɨ-ɫɜɟɪɥɢɥɶɧɨ-ɪɚɫɬɨɱɧɚɹ: 
1.ɑɟɪɧɨɜɨɟ ɢ ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ.  




ɬɨɤɚɪɧɵɣ ɫɬɚɧɨɤ ɦɨɞ. 800VHT ɫ 
ɑɉɍ ɢ Ⱥɋɂ.  
Ɉɛɪɚɛɨɬɤɚ ɬɨɤɚɪɧɚɹ ɧɚ 
ɜɪɚɳɚɸɳɟɦɫɹ ɫɬɨɥɟ ɢ ɮɪɟɡɟɪɧɚɹ 
ɧɚ ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɦ ɫɬɨɥɟ.  
ɉɨɜɨɪɨɬɧɵɣ ɲɩɢɧɞɟɥɶ 
ɨɬ + 60° ɞɨ - 105°. 
2 
010 Ɏɪɟɡɟɪɧɨ-ɫɜɟɪɥɢɥɶɧɨ-ɪɚɫɬɨɱɧɚɹ: 
1.ɑɟɪɧɨɜɨɟ, ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ ɪɚɡɴёɦɚ; 
2.ɐɟɧɬɪɨɜɤɚ, ɫɜɟɪɥɟɧɢɟ ɢ ɧɚɪɟɡɚɧɢɟ ɪɟɡɶɛɵ 10 ɨɬɜɟɪɫɬɢɣ 
ɩɥɨɫɤɨɫɬɢ ɪɚɡɴёɦɚ ɢ 2 ɨɬɜɟɪɫɬɢɣ ɜ ɤɨɪɩɭɫɟ, ɜɵɞɟɪɠɢɜɚɹ ɪɚɡɦɟɪɵ;  
3 
015 ɋɥɟɫɚɪɧɨ-ɫɛɨɪɨɱɧɚɹ 





1.ɑɟɪɧɨɜɨɟ ɢ ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ  ɬɨɪɰɨɜ ɨɬɜɟɪɫɬɢɣ ɩɨɞ 
ɩɨɞɲɢɩɧɢɤɢ; 
2.ɑɟɪɧɨɜɨɟ, ɩɨɥɭɱɢɫɬɨɜɨɟ, ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ 
ɩɨɞɲɢɩɧɢɤɢ; 
3. ɐɟɧɬɪɨɜɤɚ, ɫɜɟɪɥɟɧɢɟ ɢ ɧɚɪɟɡɚɧɢɟ ɪɟɡɶɛɵ 16 ɨɬɜɟɪɫɬɢɣ; 
 
Ɍɚɛɥɢɰɚ 16 Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɨɝɨ 
ɬɨɤɚɪɧɨɝɨ ɫɬɚɧɤɚ ɦɨɞ. 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ 
ɉɚɪɚɦɟɬɪɵ ɫɬɨɥɚ  
Ⱦɢɚɦɟɬɪ (ɪɚɡɦɟɪ) ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɨɥɚ, ɦɦ 800 
ɇɚɢɛɨɥɶɲɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɫɬɨɥɚ (ɨɫɶ ȼ), ɨɛ/ɦɢɧ  374 
ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɫɬɨɥɚ, ɇɦ 1005 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɪɰɚ ɲɩɢɧɞɟɥɹ ɞɨ ɫɬɨɥɚ, ɦɦ 620 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɞɨ ɫɬɨɥɚ, ɦɦ 870 
ɒɩɢɧɞɟɥɶ  
Ʉɨɧɭɫ ɲɩɢɧɞɟɥɹ ɇSK 63 
ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɪɟɝɭɥɢɪ. ɛɟɫɫɬɭɩ. 
ɉɪɟɞɟɥɵ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ, ɨɛ/ɦɢɧ  0-12 000 
ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɲɩɢɧɞɟɥɟ, ɇɦ 87 
Ɇɨɳɧɨɫɬɶ ɝɥɚɜɧɨɝɨ ɩɪɢɜɨɞɚ, ɤȼɬ  19 
ɉɟɪɟɦɟɳɟɧɢɟ  
ɇɚɢɛɨɥɶɲɟɟ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ  
- ɩɪɨɞɨɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɫɬɨɥɚ (ɏ), ɦɦ 1000 
- ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɲɩɢɧɞɟɥɶɧɨɣ ɛɚɛɤɢ (Y), ɦɦ 700 
- ɩɨɩɟɪɟɱɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɤɨɥɨɧɧɵ (Z), ɦɦ  1000 
- ɜɪɚɳɟɧɢɟ ɫɬɨɥɚ (ȼ), ɝɪɚɞ.  360 
- ɩɨɜɨɪɨɬ ɲɩɢɧɞɟɥɹ (Ⱥ), ɝɪɚɞ.  90 
Ɍɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨ ɨɫɹɦ ɏ, Y, Z, ɦɦ 0,01 
Ⱦɢɫɤɪɟɬɧɨɫɬɶ ɡɚɞɚɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ, ɦɦ 0,001 
ɑɢɫɥɨ ɭɩɪɚɜɥɹɟɦɵɯ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ 5 
ɑɢɫɥɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɩɪɚɜɥɹɟɦɵɯ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ 5 
ɇɚɢɛɨɥɶɲɟɟ ɭɫɢɥɢɟ ɩɨɞɚɱɢ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɏ, Y, Z, ɇ 8000 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 16 
ɉɪɟɞɟɥɵ ɪɚɛɨɱɢɯ ɩɨɞɚɱ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɏ, Y, Z, ɦɦ/ɦɢɧ 1...15000 
ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɪɚɛɨɱɢɯ ɩɨɞɚɱ ɪɟɝɭɥɢɪ. ɛɟɫɫɬɭɩ. 
ɋɤɨɪɨɫɬɶ ɛɵɫɬɪɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɏ, Y, Z, ɦ/ɦɢɧ 15...25 
ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɵɣ ɦɚɝɚɡɢɧ  
ȿɦɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɦɚɝɚɡɢɧɚ, ɲɬ. 40 
ȼɪɟɦɹ ɫɦɟɧɵ ɢɧɫɬɪɭɦɟɧɬɚ, ɫ 2,2 
ɇɚɢɛɨɥɶɲɢɣ ɞɢɚɦɟɬɪ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɦ 100 
ɇɚɢɛɨɥɶɲɚɹ ɦɚɫɫɚ ɨɩɪɚɜɤɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɜ ɦɚɝɚɡɢɧɟ, ɤɝ 8 
ɇɚɢɛɨɥɶɲɚɹ ɞɥɢɧɚ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɦ 250 
ɋɢɫɬɟɦɚ ɑɉɍ  SIEMENS SINUMERIK 840D 
ɉɪɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  
Ɇɚɫɫɚ, ɤɝ  13000 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ  2800ɯ3500ɯ3690 
 




ɦɚɬɟɪɢɚɥ – ɋɑ 15; 
ɲɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ȼ = 30 ɦɦ; 
ɫɬɚɧɨɤ - ɦɨɞɟɥɶ 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ; 
ɮɪɟɡɚ – CoroMill 365 ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɤɪɟɩɥɟɧɢɟɦ ɩɥɚɫɬɢɧ ɌɄ20, D = 87 
ɦɦ, d = 80 ɦɦ, z = 10. 
ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t = 1,29 ɦɦ. 
ɇɚɡɧɚɱɚɟɦ ɩɨɞɚɱɭ sz = 0,2 ɦɦ/ɨɛ. Ɉɩɪɟɞɟɥɹɟɦ ɫɬɨɣɤɨɫɬɶ ɮɪɟɡɵ Ɍ = 180 ɦɢɧ. 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܸ =  ஼ ∙ ஽೜்𝑚 ∙ ௧ೣ ∙ ௦೥೤ ∙ ஻ೠ ∙ ௭೛  ∙  ܭ௏ =  ସସହ ∙ ହ଴బ,మଵ଼଴బ,యమ ∙ ଵ,ଶଽబ,భఱ ∙ ଴,ଶబ,యఱ ∙ ଷ଴బ,మ ∙ ଵଶబ  ∙ Ͳ,͹͵ == ͳͳͷ ɦɦ/ɦɢɧ, ɝɞɟ (123) 
CV = 445; 
 
T = 180 ∙ KɌИ ∙ КɌɋ = 180 ∙ 1 ∙ 1 = 180, ɝɞɟ (124) 
Ɍ – ɫɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɢɧ; 
q = 0,2; 
m = 0,32; 
x = 0,15; 
y = 0,35; 
u = 0,2; 
z = 0 
 
KV = KMV ∙ KɉV ∙ КИV = 1,1 ∙ 0,8 ∙ 0,83 = 0,73, ɝɞɟ (125) 
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ܭெ௏ =  ቀଵଽ଴ு஻ ቁ௡೤ =  ቀଵଽ଴ଵ଻଴ቁ଴,ସ = ͳ,ͳ, ɝɞɟ 
 
(126) 
n = 0,4 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ; 
KɉV = 0,8 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ; 
КИV = 0,83 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ. Ɉɩɪɟɞɟɥɹɟɦ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ݊ =  ଵ଴଴଴ ∙௏𝜋 ∙஽ =  ଵ଴଴଴ ∙ଵଵହଷ,ଵସ ∙ହ଴ = ͹͵ʹ ɨɛ/ɦɢɧ. (127) 
 
Ɉɤɪɭɝɥɹɟɦ n ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ n = 800 ɨɛ/ɦɢɧ. 
Ɉɩɪɟɞɟɥɢɦ ɦɢɧɭɬɧɭɸ ɩɨɞɚɱɭ: 
 ݏˏˋː = ݏ ∙ ݊ , ɝɞɟ 
 
(128) 
s – ɩɨɞɚɱɚ; 
Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ  ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ: 
  ݏˏˋː = Ͳ,ʹ ∙ ͺͲͲ = ͳ͸Ͳ ɦɦ/ɦɢɧ 
 
 ɉɟɪɟɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɪɢ ɧɚɡɧɚɱɟɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ: 
 ܸ =  ௡ ∙ 𝜋 ∙஽ଵ଴଴଴ =  ଼଴଴ ∙ ଷ,ଵସ ∙ହ଴ଵ଴଴଴ = ͳʹͷ ɦɦ/ɦɢɧ. (129) 
 
 Ɉɩɪɟɞɟɥɹɟɦ ɫɢɥɭ ɪɟɡɚɧɢɹ Pz: 
 𝑃௭ =  ͳͲ ∙  ܥ௣  ∙  ݐ௫  ∙  ݏ௭௬  ∙  ܤ௨  ∙ 𝑧ܦ௤  ∙  ݊௪  ∙  ܭˏ˓ =  = ଵ଴ ∙ ହସ,ହ ∙ ଵ,ଶଽబ,వ ∙ ଴,ଶబ,ళర ∙ ଷ଴భ ∙ଵଶହ଴భ ∙ ଼଴଴బ ∙ Ͳ,ͻͷ͸ = ͳͶ͵͵ ɇ. (130) 
 
 Ɉɩɪɟɞɟɥɹɟɦ ɦɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ Ne: 
 ௘ܰ =  𝑃೥ ∙௏ଵ଴ଶ଴ ∙଺଴ =  ଵସଷଷ ∙ଵଶହଵ଴ଶ଴ ∙଺଴ = ʹ,ͻ͵ ɤȼɬ. (131) 
 
ɑɢɫɬɨɜɨɟ  ɮɪɟɡɟɪɨɜɚɧɢɟ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
ɦɚɬɟɪɢɚɥ – ɋɑ 15; 
ɲɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ȼ = 30 ɦɦ; 
ɫɬɚɧɨɤ - ɦɨɞɟɥɶ 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ; 
ɮɪɟɡɚ - ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɤɪɟɩɥɟɧɢɟɦ ɩɥɚɫɬɢɧ ɌɄ10 D = 50 ɦɦ, d = 22 ɦɦ, z = 
12. 
ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ  t = 0,198 ɦɦ. 
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ɇɚɡɧɚɱɚɟɦ ɩɨɞɚɱɭ sz = 0,2 ɦɦ/ɨɛ. 
Ɉɩɪɟɞɟɥɹɟɦ ɫɬɨɣɤɨɫɬɶ ɮɪɟɡɵ Ɍ = 180 ɦɢɧ. 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 123: 
 ܸ =  ସସହ ∙ ହ଴బ,మଵ଼଴బ,యమ ∙ ଴,ଵଽ଼బ,భఱ ∙ ଴,ଶబ,యఱ ∙ ଷ଴బ,మ ∙ ଵଶబ  ∙ Ͳ,͹͵ = ͳͷ͵ ɦɦ/ɦɢɧ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɩɨ ɮɨɪɦɭɥɟ 127: 
 ݊ =  ଵ଴଴଴ ∙ଵହଷଷ,ଵସ ∙ହ଴ = ͻ͹Ͷ ɨɛ/ɦɢɧ. 
 
Ɉɤɪɭɝɥɹɟɦ n ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ n = 1000 ɨɛ/ɦɢɧ. 
ɉɨ ɮɨɪɦɭɥɟ 128  ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ:  
 ݏˏˋː = Ͳ,ʹ ∙ ͳͲͲͲ = ʹͲͲ ɦɦ/ɦɢɧ 
 
     ɉɟɪɟɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɪɢ ɧɚɡɧɚɱɟɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ (129): 
 ܸ = ଵ଴଴଴ ∙ ଷ,ଵସ ∙ହ଴ଵ଴଴଴ = ͳͷ͹ ɦ/ɦɢɧ. 
 
     Ɉɩɪɟɞɟɥɹɟɦ ɫɢɥɭ ɪɟɡɚɧɢɹ Pz (130): 
 𝑃௭ = ଵ଴ ∙ ହସ,ହ ∙ ଴,ଵଽ଼బ,వ ∙ ଴,ଶబ,ళర ∙ ଷ଴భ ∙ଵଶହ଴భ ∙ ଵ଴଴଴బ ∙ Ͳ,ͻͷ͸ = ʹ͸ͷ ɇ. 
 
     Ɉɩɪɟɞɟɥɹɟɦ ɦɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ Ne (131): 
 ௘ܰ = ଶ଺ହ ∙ଵହ଻ଵ଴ଶ଴ ∙଺଴ = Ͳ,͸ͺ ɤȼɬ. 
    
ɑɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
ɦɚɬɟɪɢɚɥ – ɋɑ15;  
ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ  -  79,68 ɦɦ; 
ɫɬɚɧɨɤ - ɦɨɞɟɥɶ 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ; 
ɪɟɡɟɰ - ɪɚɫɬɨɱɧɨɣ ɪɟɡɟɰ 2141-0146 ȼɄ6 ȽɈɋɌ 9795-84, L= 63 ɦɦ, h×b = 
16×16, φ = 60º; 
ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t = 0,249 ɦɦ. 
ɇɚɡɧɚɱɚɟɦ ɩɨɞɚɱɭ s = 1 ɦɦ/ɨɛ. 
Ɉɩɪɟɞɟɥɹɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ V: 
 ܸ =  ஼𝑉்𝑚 ∙ ௧ೣ ∙ ௦೤  ∙  ܭ௏ =  ଶସଷ଺଴బ,మ ∙ ଴,ଶସଽబ,భఱ ∙ ଵబ,ర  ∙ Ͳ,͸ʹ = ͺʹ ɦɦ/ɦɢɧ, ɝɞɟ (132) 
 
CV = 243; 



















       ȻɊ-15.03.05-2017.ɉЗ Ʌɢɫɬ       





T = 60 ∙ KɌИ ∙ КɌɋ = 60 ∙ 1 ∙ 1 = 60, ɝɞɟ (133) 
 Ɍ – ɫɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɢɧ; 
 m = 0,2; 
x = 0,15; 
y = 0,4; 
 
KV = KMV ∙ KɉV ∙ КИV ∙ KφV ∙ KrV = 1,1 ∙ 0,8 ∙ 0,83 ∙ 0,9 ∙ 0,94 = 0,62, ɝɞɟ (134) 
 ܭெ௏ =  ቀଵଽ଴ଵ଻଴ቁ଴,ସ = ͳ,ͳ (126) 
n = 0,4 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ; 
 KɉV = 0,8 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ; 
КИV = 0,83 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ; 
KφV = 0,9 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɜ ɩɥɚɧɟ ɪɟɡɰɚ; 
KrV = 0,94 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɜɟɪɲɢɧɵ ɪɟɡɰɚ. 
Ɉɩɪɟɞɟɥɹɟɦ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɩɨ ɮɨɪɦɭɥɟ 127: 
 ݊ =  ଵ଴଴଴ ∙ ଼ଶଷ,ଵସ ∙଻ଽ,଻ = ͵ʹ͹ ɨɛ/ɦɢɧ. 
 
Ɉɤɪɭɝɥɹɟɦ n ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ n = 315 ɨɛ/ɦɢɧ. 
ɉɨ ɮɨɪɦɭɥɟ 128  ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ:  
 ݏˏˋː = ͳ ∙ ͵ͳͷ = ͵ͳͷ ɦɦ/ɦɢɧ 
 
 ɉɟɪɟɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɪɢ ɧɚɡɧɚɱɟɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ (129): 
 ܸ =  ଷଵହ ∙ ଷ,ଵସ ∙଻ଽ,଻ଵ଴଴଴ = ͹ͻ ɦɦ/ɦɢɧ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɬɚɧɝɟɧɰɢɚɥɶɧɭɸ ɫɢɥɭ ɪɟɡɚɧɢɹ Pz: 
 𝑃௭ =  ͳͲ ∙  ܥ௣  ∙  ݐ௫  ∙  ݏ௬  ∙  ܸ௡  ∙  ܭ˓ =  = ͳͲ ∙ ͻʹ ∙  Ͳ,ʹͻଵ  ∙  ͳ଴,଻ହ  ∙  ͹ͻ଴  ∙ Ͳ,ͻͻ = ʹʹ͹ ɇ, (135) 
 
Cp = 92; 
х = 1; 
y = 0,75; 
n = 0. 
 
KP = KMP ∙ KȖP ∙ КλP ∙ KφP ∙ KrP = 1,05 ∙ 1 ∙ 1 ∙ 0,94 ∙ 1 = 0,99, ɝɞɟ (136) ܭெ𝑃 =  ቀ ு஻ଵହ଴ቁ௡೤ =  ቀଵ଻଴ଵହ଴ቁ଴,ସ = ͳ,Ͳͷ, ɝɞɟ 
 
(137) 
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KȖP = 1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɝɥɚɜɧɵɣ ɭɝɨɥ; 
КλɊ = 1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ; 
KφɊ = 0,94 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɜ ɩɥɚɧɟ; 
KrɊ = 1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɜɟɪɲɢɧɵ ɪɟɡɰɚ. Ɉɩɪɟɞɟɥɹɟɦ ɦɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ N (131): 




ɦɚɬɟɪɢɚɥ – ɋɑ  15; 
ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ  79,916 ɦɦ; 
ɫɬɚɧɨɤ - ɦɨɞɟɥɶ 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ; 
ɪɟɡɟɰ - ɪɚɫɬɨɱɧɨɣ ɪɟɡɟɰ 2141-0067 ȼɄ8 ȽɈɋɌ 9795-84, L = 40 ɦɦ, h×b = 
8×8, φ = 50º; 
ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t = 0,109 ɦɦ. 
ɇɚɡɧɚɱɚɟɦ ɩɨɞɚɱɭ s = 0,2 ɦɦ/ɨɛ. 
Ɉɩɪɟɞɟɥɹɟɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ V (127): 
 ܸ =  ଶସଷ଺଴బ,మ ∙ ଴,ଵ଴ଽబ,భఱ ∙ ଴,ଶబ,ర  ∙ ͳ,ͳ = ͵ͳͷ ɦɦ/ɦɢɧ. 
 
ɍɦɟɧɶɲɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɜ 1,5 ɪɚɡɚ, ɱɬɨɛɵ ɭɜɟɥɢɱɢɬɶ ɫɬɨɣɤɨɫɬɶ 
ɢɧɫɬɪɭɦɟɧɬɚ 
V = 210 ɦ /ɦɢɧ 
     Ɉɩɪɟɞɟɥɹɟɦ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ (128): 
 ݊ =  ଵ଴଴଴ ∙ ଶଵ଴ଷ,ଵସ ∙ ଻ଽ.ଽଵ଺ = ͺ͵͹ ɨɛ/ɦɢɧ. 
 
Ɉɤɪɭɝɥɹɟɦ n ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ n = 800 ɨɛ/ɦɢɧ. 
ɉɨ ɮɨɪɦɭɥɟ 129 ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ:  
 ݏˏˋː = Ͳ,ʹ ∙ ͺͲͲ = ͳ͸Ͳ ɦɦ/ɦɢɧ 
 
ɑɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 
Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ ɧɚɡɧɚɱɚɟɦ ɩɨ ɧɨɪɦɚɬɢɜɚɦ: 
ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ  80,025 ɦɦ; 
ɪɟɡɟɰ - ɪɚɫɬɨɱɧɨɣ ɪɟɡɟɰ 2141-0067 ȼɄ8 ȽɈɋɌ 9795-84, L = 32 ɦɦ, h×b = 
6×6, φ = 50º; 
t = 0,025 ɦɦ,  
s = 0,12 ɦɦ,  
V = 150 ɦ/ɦɢɧ,  
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݊ =  ଵ଴଴଴ ∙ ଵହ଴ଷ,ଵସ ∙ ଼଴ = ͷͻ͹ ɨɛ/ɦɢɧ, 
 ݏˏˋː = ͹ͷ,͸ ɦɦ/ɦɢɧ. 
 
4.9.3. Ɍɟɯɧɢɱɟɫɤɨɟ ɧɨɪɦɢɪɨɜɚɧɢɟ 
 
ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɢ 
ɲɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɝɨ ɜɪɟɦɟɧɢ.  
ɇɨɪɦɚ ɜɪɟɦɟɧɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 
ɨɞɧɨɦ ɫɬɚɧɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 H˅˓ = T˛ ˕ + T˒ ˊ n⁄ , ɝɞɟ (138) 
 n – ɤɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ ɜ ɩɚɪɬɢɢ ɡɚɩɭɫɤɚ; 
 T˛ ˕ – ɧɨɪɦɵ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ: 
 T˛ ˕ = ሺT˙ ˃ + T˅ ∙ K˕˅ሻ ቀͳ + a˕ˈ˘+aˑ˓ˆ+aˑ˕ˎଵ଴଴ ቁ, ɝɞɟ (139) 
 K˕˅ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪɭɱɧɨɣ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɪɚɛɨɬɵ; 
 a˕ˈ˘, aˑ˓ˆ, aˑ˕ˎ – ɜɪɟɦɹ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɟ 
ɨɛɫɥɭɠɢɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɧɚ ɨɬɞɵɯ ɢ ɥɢɱɧɵɟ ɩɨɬɪɟɛɧɨɫɬɢ, ɩɪɨɰɟɧɬ ɨɬ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ; 
 T˙ ˃ – ɜɪɟɦɹ ɰɢɤɥɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɫɬɚɧɤɚ ɩɨ ɩɪɨɝɪɚɦɦɟ, ɦɢɧ: 
 T˙ ˃ = Tˑ .˕. + Tˏ .˅., ɝɞɟ (140) Tˑ .˕. – ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɜɪɟɦɹ, ɧɚ ɨɛɪɚɛɨɬɤɭ ɨɞɧɨɣ ɞɟɬɚɥɢ, ɦɢɧ: 
 Tˑ .˕. = ∑ L˓.˘.౟sˏˋː.౟୧୪ , ɝɞɟ (141) 
 L˓.˘.୧ – ɞɥɢɧɚ ɪɚɛɨɱɟɝɨ ɯɨɞɚ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ, ɦɦ: 
 L˓.˘.୧ = L + lଵ + lଶ + lଷ, ɝɞɟ (142) L – ɞɥɢɧɚ ɩɭɬɢ, ɩɪɨɯɨɞɢɦɨɝɨ ɢɧɫɬɪɭɦɟɧɬɨɦ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɞɚɱɢ, ɦɦ; 
 lଵ, lଶ, lଷ – ɞɥɢɧɚ ɩɨɞɜɨɞɚ, ɜɪɟɡɚɧɢɹ ɢ ɩɟɪɟɛɟɝɚ ɢɧɫɬɪɭɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɦ; 
  sɦɢɧ – ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɟɪɟɯɨɞɟ; 
  n – ɱɢɫɥɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɱɚɫɬɤɨɜ; 
 Tˏ .˅. – ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɦɢɧ: 
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Tˏ .˅ = Tˏ .˅.ˋ + Tˏ .˅.˘, ɝɞɟ (143) Tˏ .˅.ˋ – ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɢɧ; Tˏ .˅.˘ – ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɭɡɵ, ɦɢɧ: 
 Tˏ .˅.˘ = ∑ L˘.˘.ౠsˏˋː.y୫୨=ଵ , ɝɞɟ (144) 
 L˘.˘.୨ – ɞɥɢɧɚ i-ɝɨ ɭɱɚɫɬɤɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ;  sˏˋː.୷ – ɭɫɤɨɪɟɧɧɚɹ ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ; 
m – ɱɢɫɥɨ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ. 
ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɸ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 T˅ = T˅ .˖ + T˅ .ˑ˒. + T˅ .ˋˊˏ, ɝɞɟ (145) T˅ .˖ – ɜɪɟɦɹ ɧɚ ɭɫɬɚɧɨɜɤɭ ɢ ɫɧɹɬɢɟ ɞɟɬɚɥɢ, ɦɢɧ; T˅ .ˑ˒. – ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɟ ɜɨɲɟɞɲɟɟ ɜ ɭɩɪɚɜɥɹɸɳɭɸ ɩɪɨɝɪɚɦɦɭ, ɦɢɧ; T˅ .ˋˊˏ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ, ɧɟ ɩɟɪɟɤɪɵɜɚɟɦɨɟ ɜɪɟɦɹ ɧɚ ɢɡɦɟɪɟɧɢɹ, ɦɢɧ; T˒ ˊ – ɧɨɪɦɵ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɦɢɧ: 
 T˒ ˊ = T˒ ˊ.ଵ + T˒ ˊ.ଶ + T˒ ˓.ˑ˄˓, ɝɞɟ (146) T˒ ˊ.ଵ – ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɨɪɝɚɧɢɡɚɰɢɨɧɧɭɸ ɩɨɞɝɨɬɨɜɤɭ, ɦɢɧ; T˒ ˊ.ଶ – ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɧɚɥɚɞɤɭ: ɫɬɚɧɤɚ, ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɨɝɪɚɦɦɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɦɢɧ; T˒ ˓.ˑ˄˓ – ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɩɪɨɛɧɭɸ ɨɛɪɚɛɨɬɤɭ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ ɫ ɭɱɟɬɨɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɩɪɢɜɟɞɟɧɵ ɜ ɩɨɞɪɚɡɞɟɥɟ 4.9.2. 
 
Ɉɩɟɪɚɰɢɹ 005, ɭɫɬɚɧɨɜ 1, 1-ɣ ɩɟɪɟɯɨɞ. 
 
Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɜɪɟɦɹ ɧɚ ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 
ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 141: 
 
 Tˑ .˕.ଵ = ଷ଴଴+ହ+଴+ହଶ଼଼ = Ͳ,ͳ͹ ˏˋː. 
 
ɋɭɦɦɚɪɧɵɟ ɛɵɫɬɪɵɟ ɩɟɪɟɦɟɳɟɧɢɹ: 
1. ɉɨɞɜɨɞ ɜ ɧɚɱɚɥɨ ɨɛɪɚɛɨɬɤɢ (Ȼɉ): L˒.ଵ = ͳ͵ͻͷ ɦɦ. 
2. Ɉɬɜɨɞ ɜ ɢɫɯɨɞɧɭɸ ɬɨɱɤɭ (ȻɈ): Lˑ.ଵ = ͷͷ ɦɦ. ȼɵɱɢɫɥɢɦ ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ 
ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɭɡɵ ɩɨ ɮɨɪɦɭɥɟ 144:  
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 Tˏ .˅.˘ = ሺଵଷଽହ+ହହሻସ଴଴଴଴ = Ͳ,Ͳ͵ͷ ˏˋː. Ɉɩɪɟɞɟɥɢɦ ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɯɨɥɨɫɬɵɯ 
ɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɟ 143: 
 
 Tˏ .˅ = Ͳ + Ͳ,Ͳ͵ͷ = Ͳ,Ͳ͵ͷ ˏˋː, ˆˇˈ 
 Tˏ .˅.ˋ = Ͳ ˏˋː. – ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ. Ɉɩɪɟɞɟɥɢɦ ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɬɚɧɤɚ ɩɨ ɮɨɪɦɭɥɟ 140: 
 
 T˙ ˃.˒ = Ͳ,ͷͺ + Ͳ,Ͳ͵ͷ = Ͳ,͸ͳͷ ˏˋː. 
 
Ɉɩɟɪɚɰɢɹ 005, ɭɫɬɚɧɨɜ 1, 2-ɣ ɩɟɪɟɯɨɞ. 
 
Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɜɪɟɦɹ ɧɚ ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 
ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 141: 
 
 Tˑ .˕.ଶ = ସ଴+ହ+଴+ହଵଶ଼,ଽ = Ͳ,͵ͺˏˋː. 
 
ɋɭɦɦɚɪɧɵɟ ɛɵɫɬɪɵɟ ɩɟɪɟɦɟɳɟɧɢɹ: 
1. ɉɨɞɜɨɞ ɜ ɧɚɱɚɥɨ ɨɛɪɚɛɨɬɤɢ (Ȼɉ): L˒.ଶ = Ͳ ɦɦ. 
2. Ɉɬɜɨɞ ɜ ɢɫɯɨɞɧɭɸ ɬɨɱɤɭ (ȻɈ): Lˑ.ଶ = ͳͶͻͷ ɦɦ. ȼɵɱɢɫɥɢɦ ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ 
ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɭɡɵ ɩɨ ɮɨɪɦɭɥɟ 144: 
 
 Tˏ .˅.˘ = ሺ଴+ଵସଽହሻସ଴଴଴଴ = Ͳ,ͲͶ ˏˋː. 
 
Ɉɩɪɟɞɟɥɢɦ ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɯɨɥɨɫɬɵɯ 
ɯɨɞɨɜ ɩɟɪɟɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɟ 143: 
 
 Tˏ .˅ = Ͳ + Ͳ,ͲͶ = Ͳ,Ͳͻ ˏˋː. 
 Tˏ .˅.ˋ = Ͳ ˏˋː. – ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ. Ɉɩɪɟɞɟɥɢɦ ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɬɚɧɤɚ ɩɨ ɮɨɪɦɭɥɟ 140: 
 
 T˙ ˃.˒ = Ͳ,͵ͺ + Ͳ,Ͳ͵ͷ = Ͳ,Ͷͳͷ ˏˋː. 
 
Ɉɩɟɪɚɰɢɹ 005, ɭɫɬɚɧɨɜ 1, 3-ɣ ɩɟɪɟɯɨɞ. 
 
Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɜɪɟɦɹ ɧɚ ɫɜɟɪɥɟɧɢɟ 6-ɬɢ ɤɪɟɩɟɠɧɵɯ 
ɨɬɜɟɪɫɬɢɣ (141): 
 
 Tˑ .˕.ଷ = ଵସ,ହ+ହ+଴+଴ଷ଻ଶ = Ͳ,Ͳͷ ˏˋː. 
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ɋɭɦɦɚɪɧɵɟ ɛɵɫɬɪɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢ ɬɨɱɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ: 
1. ɉɨɞɜɨɞ ɜ ɧɚɱɚɥɨ ɨɛɪɚɛɨɬɤɢ (Ȼɉ): L˒.ଷ = ͳ͵ͻͷ ɦɦ. 
2. Ɉɬɜɨɞ ɜ ɢɫɯɨɞɧɭɸ ɬɨɱɤɭ (ȻɈ): Lˑ.ଷ = ͳͶͲͲ ɦɦ. ȼɵɱɢɫɥɢɦ ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ 
ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɭɡɵ ɩɨ ɮɨɪɦɭɥɟ 144: 
 
 Tˏ .˅.˘ = ሺଵଷଽହ+ଵସ଴଴ሻସ଴଴଴଴ = Ͳ,Ͳ͹ ˏˋː. 
 
Ɉɩɪɟɞɟɥɢɦ ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɯɨɥɨɫɬɵɯ 
ɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɟ 143: 
 
 Tˏ .˅ = Ͳ,Ͳͷ + Ͳ,Ͳ͹ = Ͳ,ͳͳ ˏˋː. 
 Tˏ .˅.ˋ = ͵ ˔ = Ͳ,Ͳͷ ˏˋː – ɦɚɲɢɧɧɨ-ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ. 
Ɉɩɪɟɞɟɥɢɦ ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɬɚɧɤɚ ɩɨ ɮɨɪɦɭɥɟ 140: 
 
 T˙ ˃.˒ = Ͳ,Ͳͷ + Ͳ,ͳͳ = Ͳ,ͳͷ ˏˋː. 
 
ɇɨɪɦɵ ɜɪɟɦɟɧɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɞɚɧɧɨɦɭ 
ɦɟɬɨɞɭ. 
ɇɨɪɦɵ ɜɪɟɦɟɧɢ ɞɥɹ ɨɩɟɪɚɰɢɢ 005 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. 
 





ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ 
Ɍɨ.ɬ., ɦɢɧ. Ɍɦ.ɜ.ɯ, ɦɢɧ. Ɍɦ.ɜ., ɦɢɧ. Ɍɰɚ.ɩ, ɦɢɧ. 
1 2 3 4 5 6 
ɍɫɬɚɧɨɜ 1 
1 ɑɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ. 0,17 0,035 0,035 0,615 
2 ɑɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ 0,38 0,04 0,09 0,415 
3 ɐɟɧɬɪɨɜɚɧɢɟ 6-ɬɢ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ 0,05 0,15 0,11 0,15 
4 ɋɜɟɪɥɟɧɢɟ 6-ɬɢ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɫɧɨɜɚɧɢɹ 0,18 0,017 0,017 0,19 
ɍɫɬɚɧɨɜ 2 
5 ɑɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ ɪɚɡɶɟɦɚ 0,56 0,04 0,04 0,60 
6 ɑɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ ɪɚɡɶɟɦɚ 0,58 0,01 0,01 0,59 
7 ɐɟɧɬɪɨɜɚɧɢɟ 10-ɬɢ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɥɨɫɤɨɫɬɢ ɪɚɡɶɟɦɚ 0,08 0,0005 0,0005 0,081 
8 ɋɜɟɪɥɟɧɢɟ 10-ɬɢ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɥɨɫɤɨɫɬɢ ɪɚɡɶɟɦɚ 0,26 0,013 0,013 0,27 
9 ɇɚɪɟɡɚɧɢɟ ɪɟɡɶɛɵ 10-ɬɢ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɥɨɫɤɨɫɬɢ ɪɚɡɶɟɦɚ 0,3 0,012 0,017 0,32 
10 ɑɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɟɜ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ  0,34 0,013 0,018 0,36 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 17 
1 2 3 4 5 6 
11 ɑɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɟɜ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ 0,4 0,03 0,08 0,48 
12 ɐɟɧɬɪɨɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɜ ɬɨɪɰɚɯ ɨɬɜɟɪɫɬɢɣ ɩɨɞɲɢɩɧɢɤɨɜ 0,18 0,017 0,017 0,19 
13 ɋɜɟɪɥɟɧɢɟ ɨɬɜɟɪɫɬɢɣ ɜ ɬɨɪɰɚɯ ɨɬɜɟɪɫɬɢɣ ɩɨɞɲɢɩɧɢɤɨɜ 0,22 0,013 0,018 0,23 
13 ɑɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ 0,58 0,013 0,018 0,59 
14 ɉɨɥɭɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ 0,4 0,03 0,08 0,48 
15 ɑɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ  0,92 0,023 0,023 0,94 
 
4.10. Ⱥɧɚɥɢɡ ɢ ɪɚɫɱɟɬ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
 
Ⱥɧɚɥɢɡ ɢ ɪɚɫɱɟɬ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɟɞɟɦ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɤ ɤɚɱɟɫɬɜɭ 
ɢ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ, ɤɨɬɨɪɨɣ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ. Ⱦɥɹ 
ɚɧɚɥɢɡɚ ɪɚɫɫɦɨɬɪɢɦ ɨɩɟɪɚɰɢɸ 020 «Ɏɪɟɡɟɪɧɨ-ɫɜɟɪɥɢɥɶɧɨ-ɪɚɫɬɨɱɧɚɹ», ɧɚ ɤɨɬɨɪɨɣ 
ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɹ ɜ ɪɚɡɦɟɪ Ø80H7+0,025ɦɦ. Ɍɪɟɛɭɟɦɵɟ 
ɩɚɪɚɦɟɬɪɵ ɬɨɱɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 18. 
 




Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ (ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɪɟɯɨɞɚ) 
Ɋɚɫɬɨɱɤɚ 
ɨɬɜɟɪɫɬɢɹ 
ɚ) Ø80H7+0,025 ɦɦ  
ɛ) Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɫɨɨɫɧɨɫɬɢ ɨɬɜɟɪɫɬɢɹ 
Ø80H7+0,025 ɦɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɬɜɟɪɫɬɢɹ  
Ø52H7+0,025  ɦɦ  ɧɟ ɛɨɥɟɟ 0,016 ɦɦ. 
ɒɟɪɨɯɨɜɚɬɨɫɬɶ 2,5 ɦɤɪɦ. 
ɑɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ (IT12), 
ɩɨɥɭɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ (IT9), 
ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ (IT7). 
Ɋɟɠɢɦɵ ɬɨɧɤɨɣ ɪɚɫɬɨɱɤɢ: 
V=3150 ɦ/ɦɢɧ; 
s = 0,02 ɦɦ/ɨɛ; 
t=0,025 ɦɦ. 
 
Ɉɩɟɪɚɰɢɹ 020 «Ɏɪɟɡɟɪɧɨ-ɫɜɟɪɥɢɥɶɧɨ-ɪɚɫɬɨɱɧɚɹ» ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɫɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɨɦ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ ɦɨɞ. 
800VHT ɫ ɑɉɍ ɢ Ⱥɋɂ.  
Ɉɛɪɚɛɨɬɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɜɪɚɳɚɸɳɟɦɫɹ ɢ ɧɚ ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɦ ɫɬɨɥɟ. 
Ɇɚɬɟɪɢɚɥ ɡɚɝɨɬɨɜɤɢ – ɫɩɥɚɜ ɋɑ15. 
Ɋɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ:  
– ɞɥɹ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ – ɩɥɚɫɬɢɧɵ CorolMill R245-12 T3 M-KH 3330; 
– ɞɥɹ ɩɨɥɭɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ – ɩɥɚɫɬɢɧɵ  CorolMill R245-12 T3 M-KH 
3330;  
– ɞɥɹ ɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ – ɩɥɚɫɬɢɧɵ CorolMill 245 R245-12 T3 E-KL 
1020.   
ɋɭɦɦɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɟɞёɦ ɩɨ 
ɮɨɪɦɭɥɟ: 
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∆Σ= p ∙ √λଵΔε୷ଶ + λଶΔ୷ଶ + λଷΔଶː + λସΔଶˋ + λହΣΔଶ˕ + ΣΔ˗, ɝɞɟ (147) 
 
ɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɪɨɰɟɧɬ ɪɢɫɤɚ ɩɨɥɭɱɟɧɢɹ ɛɪɚɤɚ ɩɪɢ 
ɨɛɪɚɛɨɬɤɟ; λଵ ÷ λହ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɡɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɠɞɨɣ ɢɡ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ; Δε୷ – ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɫɬɚɧɤɟ; Δ୷– ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɧɚɝɪɭɡɨɤ; Δː – ɩɨɝɪɟɲɧɨɫɬɶ ɧɚɥɚɞɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ; Δˋ – ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ; ΣΔ˕ – ɫɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɟɮɨɪɦɚɰɢɣ; ΣΔ˗ – ɫɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɬɚɧɤɚ, ɞɟɮɨɪɦɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɥɢɱɧɵɯ ɫɢɥ.  
ɂɡ ɩɪɚɤɬɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ λଵ = λଶ = λଷ = 1/9, ɩɨɫɤɨɥɶɤɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɞɱɢɧɹɸɬɫɹ ɡɚɤɨɧɭ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. λ4 = 1/3 ɩɨɫɤɨɥɶɤɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɤɨɧɭ ɪɚɜɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ. λ5 = 1/3 ɩɨɫɤɨɥɶɤɭ ɡɚɤɨɧ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ΣΔ˕ ɦɚɥɨ ɢɡɜɟɫɬɟɧ.  Ɍɨɝɞɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟ ɢɡɥɨɠɟɧɧɨɝɨ, ɩɪɢ ɪ = 3 (ɜɟɪɨɹɬɧɨɫɬɶ ɛɪɚɤɚ 
ɫɨɫɬɚɜɢɬ 0,27%), ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱёɬɚ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɞɢɚɦɟɬɪɚɥɶɧɨɝɨ 
ɪɚɡɦɟɪɚ Ø80H7+0,025 ɦɦ, ɩɪɢɦɟɬ ɜɢɞ: 
 
  ∆Σ= √Δε୷ଶ + Δ୷ଶ + Δଶː + ͵ ∙ Δଶˋ + ͵ ∙ ΣΔଶ˕ + ΣΔ˗ . 
                        
Ɉɩɪɟɞɟɥɢɦ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ Δε୷ = Ͳ, ɬɚɤ ɤɚɤ ɱɢɫɬɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɛɟɡ 
ɩɟɪɟɭɫɬɚɧɨɜɤɢ ɩɨɫɥɟ ɱɟɪɧɨɜɨɣ ɢ ɩɨɥɭɱɢɫɬɨɜɨɣ ɨɛɪɚɛɨɬɤɢ.  
ɉɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ Δ୷, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɥɟɛɚɧɢɣ ɭɩɪɭɝɢɯ 
ɞɟɮɨɪɦɚɰɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨɞ ɜɥɢɹɧɢɟɦ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɥ ɪɟɡɚɧɢɹ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɫɢɫɬɟɦɟ ɩɟɪɟɦɟɧɧɨɣ ɠёɫɬɤɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
 Δ୷ = W୫a୶ ∙ P୷୫a୶ − W୫୧୬ ∙ P୷୫୧୬ , ɝɞɟ (148) W୫a୶ = Ͳ,ͲͲʹ͹ ɦɤɦ/ɇ – ɧɚɢɛɨɥɶɲɚɹ ɩɨɞɚɬɥɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɞɥɹ ɦɧɨɝɨɰɟɥɟɜɨɝɨ ɫɬɚɧɤɚ; W୫୧୬ = Ͳ,ͲͲͳͶ ɦɤɦ/ɇ ɧɚɢɦɟɧɶɲɚɹ ɩɨɞɚɬɥɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɞɥɹ ɦɧɨɝɨɰɟɥɟɜɨɝɨ ɫɬɚɧɤɚ; P୷୫a୶ = ͳͶ͵Ͳ ɇ – ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ, 
ɫɨɜɩɚɞɚɸɳɟɣ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɥɭɱɚɟɦɨɝɨ ɪɚɡɦɟɪɚ; 



















       ȻɊ-15.03.05-2017.ɉЗ Ʌɢɫɬ       





P୷୫୧୬ = ͵ʹͷ ɇ – ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ, 
ɫɨɜɩɚɞɚɸɳɟɣ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɥɭɱɚɟɦɨɝɨ ɪɚɡɦɟɪɚ. 
Ɉɩɪɟɞɟɥɢɦ ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɨ ɮɨɪɦɭɥɟ 148: 
 Δ୷ = Ͳ,ͲͲʹ͹ ∙ ͳͶ͵Ͳ − Ͳ,ͲͲͳͶ ∙ ͵ʹͷ = ͵ ɦɤɦ 
 
ɉɨɝɪɟɲɧɨɫɬɶ ɧɚɥɚɞɤɢ Δː ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɪɚɳɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Δː = √(K୮ ∙ Δ˓)ଶ + ቀKˋ ∙ Δˋˊˏଶ ቁଶ, ɝɞɟ (149) 
 
 Δ˓ = ʹͲ ɦɤɦ – ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɮɪɟɡɵ ɩɪɢ ɧɚɥɚɞɤɟ ɧɚ ɪɚɡɦɟɪ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɝɨ ɪɟɠɭɳɟɝɨ 
ɢɧɫɬɪɭɦɟɧɬɚ ɫɨ ɫɦɟɧɨɣ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɤɢ. Ⱦɥɹ ɞɢɚɦɟɬɪɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ʹΔ˓; Δˋˊˏ = Ͳ,Ͳͳ͵ ɦɤɦ – ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɞɟɬɚɥɢ; K୮ = 1,14÷1,73 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɤɥɨɧɟɧɢɟ ɡɚɤɨɧɨɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ Δ˓ ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ; Kˋ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɤɥɨɧɟɧɢɟ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ Δˋˊˏ ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ. Ɍɨɝɞɚ ɩɨɥɭɱɢɦ: 
 Δː = √ሺͳ,ͳͶ ∙ ʹͲሻଶ + ቀͳ ∙ ଵଷଶ ቁଶ = ʹ͵,͹ ɦɤɦ 
 
ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɢɧɫɬɪɭɦɟɧɬɚ Δˋ, ɩɪɢɧɢɦɚɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɨɩɭɫɬɢɦɨɝɨ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɚɪɬɢɢ ɡɚɝɨɬɨɜɨɤ ɜ 
ɪɚɡɦɟɪ Ø80H7+0,025 ɦɦ – Δˋ = 10 ɦɤɦ.  ɉɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɬɚɧɤɚ ΣΔ˗  = 5 ɦɤɦ.  
ɉɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ΣΔ˕, ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɥɟɡɜɢɣɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɩɪɢɦɟɦ ɪɚɜɧɵɦɢ 10% ɨɬ ɫɭɦɦɵ ɨɫɬɚɥɶɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ: 
 ΣΔ˕ = Ͳ,ͳ ∙ ሺΔε୷ + Δ୷ + Δː + Δˋ + ΣΔ˗ሻ (150) 
 ΣΔ˕ = Ͳ,ͳ ∙ ሺͲ + ͵ + ʹ͵,͹ + ͳͲ + ͷሻ = Ͷ,ʹ ɦɤɦ 
 
ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫ ɭɱɟɬɨɦ ɪɚɫɫɱɢɬɚɧɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɨ ɮɨɪɦɭɥɟ 147:  
 ∆Σ= √Ͳଶ + ͵ଶ + ʹ͵,͹ଶ + ͵ ∙ ͳͲଶ + ͵ ∙ Ͷ,ʹଶ + ͷ = ͵ͷ,͵ͻ ɦɤɦ 
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Ɍɚɤ ɤɚɤ ∆Σ< IT = ͶͲ ˏˍˏ, ɡɚɤɥɸɱɚɟɦ, ɱɬɨ ɩɪɢɧɹɬɚɹ ɫɯɟɦɚ ɨɩɟɪɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɭɸ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ. 
 
5. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 
 
5.1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 
 
      Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ  ɨɩɟɪɚɰɢɢ 
020 
ɋɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɬɚɧɨɱɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢ 
ɡɚɤɪɟɩɥɟɧɢɹ ɤɨɪɩɭɫɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɞɭɤɬɨɪɚ ɞɥɹ ɨɩɟɪɚɰɢɢ 
«ɫɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ» ɧɚ ɫɬɚɧɤɟ  ɦɨɞ. 800VHT ɫ ɑɉɍ ɢ ɫ Ⱥɋɂ. 
ɇɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɨɩɟɪɚɰɢɢ «ɫɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-
ɪɚɫɬɨɱɧɚɹ» ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɟɪɟɯɨɞɨɜ: 
1.ɑɟɪɧɨɜɨɟ ɢ ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ  ɬɨɪɰɨɜ  ɨɬɜɟɪɫɬɢɣ ɩɨɞ 
ɩɨɞɲɢɩɧɢɤɢ; 
2.ɑɟɪɧɨɜɨɟ, ɩɨɥɭɱɢɫɬɨɜɨɟ ɢ ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ 
ɩɨɞɲɢɩɧɢɤɢ; 
3.ɋɜɟɪɥɟɧɢɟ ɢ ɧɚɪɟɡɚɧɢɟ ɪɟɡɶɛɵ 16-ɬɢ ɨɬɜɟɪɫɬɢɣ. 
Ȼɚɡɢɪɨɜɚɧɢɟ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ  ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɢ ɞɜɭɦ ɤɪɟɩɟɠɧɵɦ ɨɬɜɟɪɫɬɢɹɦ ∅10ɇ7, 
ɪɚɫɩɥɨɠɟɧɧɵɦ ɩɨ ɞɢɚɝɨɧɚɥɢ, ɧɚ ɩɥɚɫɬɢɧɵ ɢ ɞɜɚ ɭɫɬɚɧɨɜɨɱɧɵɯ ɩɚɥɶɰɚ 
(ɪɢɫ.22). 
 
 Ɋɢɫɭɧɨɤ 22 ɋɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɟɦɚɹ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟɦ 
ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɨɞɧɨɦɟɫɬɧɵɦ. Ȼɚɡɢɪɨɜɚɧɢɟ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɨɥɚ ɫɬɚɧɤɚ, ɰɢɥɢɧɞɪɢɱɟɫɤɨɦɭ 
ɰɟɧɬɪɚɥɶɧɨɦɭ  ɨɬɜɟɪɫɬɢɸ ɢ Ɍ-ɨɛɪɚɡɧɨɦɭ ɩɚɡɭ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ ɫɬɚɧɤɚ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱɧɨɝɨ ɢ ɨɞɧɨɡɧɚɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ 
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ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɬɨɱɧɨɫɬɢ: 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
 Ƚɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ - 3000 ɲɬ./ɝɨɞ.; 
 Ɍɢɩ ɩɪɨɢɡɜɨɞɫɬɜɚ - ɫɟɪɢɣɧɨɟ; 
 Ɋɟɠɢɦ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ - ɞɜɭɯɫɦɟɧɧɵɣ; 
 Ɍɚɤɬ ɜɵɩɭɫɤɚ - tB = 77 ɦɢɧ. 
 Ɇɚɬɟɪɢɚɥ ɡɚɝɨɬɨɜɤɢ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ  - ɫɟɪɵɣ ɱɭɝɭɧ ɦɚɪɤɢ 
ɋɑ15 ȽɈɋɌ 1412-79, ɇȼ220; 
 ɉɨɜɟɪɯɧɨɫɬɶ ɨɫɧɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɨɤɨɧɱɚɬɟɥɶɧɨ 
ɨɛɪɚɛɨɬɚɧɚ ɫ ɱɢɫɬɨɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Ra 2,5 ɦɤɦ, ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ 
ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɭɫɬɚɧɨɜɨɱɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɵ; 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɩɟɪɜɨɦ ɩɟɪɟɯɨɞɟ – ɱɟɪɧɨɜɨɟ 
ɪɚɫɬɚɱɢɜɚɧɢɟ ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɩɨɞɲɢɩɧɢɤ. 
 ɪɟɡɟɰ - ɩɥɚɫɬɢɧɵ CorolMill R245-12 T3 M-KH 3330 
 ɞɥɢɧɧɚ L=63 ɦɦ, hb=1616, φ=60; 
 Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ: 
ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t=0,249 ɦɦ.; ɩɨɞɚɱɚ ɧɚ ɡɭɛ - sz = 1 ɦɦ/ɡɭɛ; ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ - v = 82 ɦ/ɦɢɧ; ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - n = 308 ɦɢɧ"1; ɦɢɧɭɬɧɚɹ 
ɩɨɞɚɱɚ – sz = 227 ɦɢɧ -1; ɦɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ - N = 0,3 ɤȼɬ. 
 Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɧɚ ɩɟɪɟɯɨɞɚɯ 
ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɝɥɚɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ∅ 80 ɦɦ; 
 ɇɚ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɢ «ɫɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ», 
ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɫɨɫɬɚɜɥɹɟɬ: ɇɜɪ =41,9 ɦɢɧ. 
 
5.2. Ⱥɧɚɥɢɡ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ, ɜɵɛɨɪ ɷɥɟɦɟɧɬɨɜ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ 
 
        ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɩɟɪɟɯɨɞɨɜ ɧɚ ɨɩɟɪɚɰɢɢ 020 «ɫɜɟɪɥɢɥɶɧɨ-
ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ», ɫɥɟɞɭɟɬ, ɱɬɨ ɨɬɜɟɪɫɬɢɹ ∅ 80 ɦɦ ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɇ7.  
Ɍɨɱɧɨɫɬɶ ɞɢɚɦɟɬɪɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɬɜɟɪɫɬɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɫɬɨɱɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. Ɍɨɱɧɨɫɬɶ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɨɫɟɣ ɝɥɚɜɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ 
ɬɨɱɧɨɫɬɢ ɫɬɚɧɤɚ. Ɍɨɱɧɨɫɬɶ ɩɨɥɨɠɟɧɢɹ ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɫɧɨɜɚɧɢɹ ɪɟɞɭɤɬɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ: 
 ɭɫɬɚɧɨɜɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɛɚɡɢɪɭɸɳɢɯ ɡɚɝɨɬɨɜɤɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɨɜɟɪɯɧɨɫɬɢ  
 ɨɫɧɨɜɚɧɢɹ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɢ ɥɢɬɵɯ 
ɨɬɜɟɪɫɬɢɹ ɡɚɝɨɬɨɜɤɢ ɨɬ ɨɫɢ ɪɚɫɬɨɱɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɡɚɜɢɫɢɬ ɨɬ 
ɬɨɱɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɭɫɬɚɧɨɜɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɛɚɡɢɪɭɸɳɢɯ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢ Ɍ- ɨɛɪɚɡɧɨɝɨ 
ɩɚɡɚ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ. 
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ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ, ɩɪɢɧɢɦɚɟɦ ɛɚɡɢɪɨɜɚɧɢɟ ɪɟɞɭɤɬɨɪɚ ɩɨ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɢ ɞɜɭɦ ɤɪɟɩɟɠɧɵɦ ɨɬɜɟɪɫɬɢɹɦ ∅10ɇ7, ɪɚɫɩɥɨɠɟɧɧɵɦ ɩɨ 
ɞɢɚɝɨɧɚɥɢ (ɪɢɫɭɧɨɤ 22), ɧɚ ɱɟɬɵɪɟɯ ɨɩɨɪɧɵɯ ɩɥɚɫɬɢɧɚɯ (ȽɈɋɌ 17776-72) ɫ 
ɨɬɜɟɪɫɬɢɹɦɢ ɩɨɞ ɭɫɬɚɧɨɜɨɱɧɵɟ ɩɚɥɶɰɵ ɢ ɞɜɚ ɭɫɬɚɧɨɜɨɱɧɵɯ ɩɚɥɶɰɚ: 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ (ȽɈɋɌ 12209-66) ɢ ɫɪɟɡɚɧɧɵɣ (ȽɈɋɌ 12210-66). 
Ɇɚɬɟɪɢɚɥ ɭɫɬɚɧɨɜɨɱɧɵɯ ɩɚɥɶɰɟɜ ɢ ɩɥɚɫɬɢɧ ɤ ɭɫɬɚɧɨɜɨɱɧɵɦ ɩɚɥɶɰɚɦ - ɫɬɚɥɶ 
20ɏ ȽɈɋɌ 4543-71, ɬɜɟɪɞɨɫɬɶ 56...61 HRC. 
ɋɯɟɦɭ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɧɚ ɨɩɟɪɚɰɢɢ 020 
«ɫɜɟɪɥɢɥɶɧɨ- ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ» ɩɪɟɞɫɬɚɜɢɦ ɧɚ ɪɢɫɭɧɤɟ 23. 
 
 Ɋɢɫɭɧɨɤ 23 ɋɯɟɦɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɧɚ ɨɩɟɪɚɰɢɢ 020 
«ɋɜɟɪɥɢɥɶɧɨ-ɮɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ 
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5.3. Ɋɚɫɱɟɬ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ 
 
ɉɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɨɬɜɟɪɫɬɢɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɞɨɩɭɫɤ 
ɧɚ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɬɜɟɪɫɬɢɣ. Ⱦɨɩɭɫɤ ɧɚ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ, ɫɨɫɬɚɜɥɹɟɬ: Ɍ = 0,06/148 
ɦɦ/ɦɦ 
ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ: 
 𝜀˖ = √𝜀˄ + 𝜀ˊ, ɝɞɟ (151) 𝜀˄-ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ;  𝜀ˊ- ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ. ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɩɟɪɟɤɨɫɚ ɡɚɝɨɬɨɜɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɟё ɧɚ ɭɫɬɚɧɨɜɨɱɧɵɟ ɩɚɥɶɰɵ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɧɚɥɢɱɢɹ ɡɚɡɨɪɨɜ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɭɫɬɚɧɨɜɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ 
ɧɚɢɦɟɧɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɩɚɥɶɰɟɜ. 
ɇɚɢɛɨɥɶɲɢɣ ɡɚɡɨɪ ɦɟɠɞɭ ɨɬɜɟɪɫɬɢɹɦɢ ɢ ɩɚɥɶɰɚɦɢ: 
 
Smax=TA+TB+Smin, ɝɞɟ (152) 
ɌȺ-ɞɨɩɭɫɤ ɧɚ ɨɬɜɟɪɫɬɢɟ ∅10ɇ7: ɌȺ = 0,01ɦɦ;  
Ɍɜ - ɞɨɩɭɫɤ ɧɚ ∅10f7(-0,01/-0,02) ɭɫɬɚɧɨɜɨɱɧɨɝɨ ɩɚɥɶɰɚ Ɍɜ = 0,01ɦɦ; 
Smin- ɦɢɧɢɦɚɥɶɧɵɣ ɡɚɡɨɪ Ɇɟɠɞɭ ɞɢɚɦɟɬɪɚɦɢ ɭɫɬɚɧɨɜɨɱɧɨɝɨ ɩɚɥɶɰɚ ɢ ɨɬɜɟɪɫɬɢɹ Smin = 0,01ɦɦ. ɇɚɢɛɨɥɶɲɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɚɥɶɰɚɯ, ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɢɡ 
ɨɬɧɨɲɟɧɢɹ, ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɡɨɪɚ, ɩɪɢ ɩɨɜɨɪɨɬɟ ɜ ɨɞɭ ɫɬɨɪɨɧɭ ɨɬ ɫɪɟɞɧɟɝɨ 
ɩɨɥɨɠɟɧɢɹ, ɤ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɛɚɡɨɜɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ: 
 ݐ݃𝛼 = Ͳ,Ͳͳ + Ͳ,Ͳͳ + Ͳ,Ͳͳ√ʹ͸Ͳଶ + ʹͶͳଶ = Ͳ,ͲͲͲͳͶ͸ 
 
ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɧɚ ɞɥɢɧɟ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ: 
 𝜀˄= L ∙  ݐ݃𝛼=227∙0,000146=0,031=31 ɦɤɦ. (153) 
ɉɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ 𝜀ˊ ɩɪɢɧɢɦɚɟɦ 110 ɦɤɦ. Ɍɨɝɞɚ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ: 
 𝜀˖ = √͵ͳଶ + ͳͳͲଶ=114,2 
 
Ɉɫɬɚɬɨɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ: 
 𝜀˖𝑖 = ݇௬𝜀௬𝑖−ଵ + 𝜀ˋːˇ, ɝɞɟ (154) 
kv - ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɨɱɧɟɧɢɹ (ɤɭ = 0,04);  
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𝜀௬𝑖−ଵ - ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɟɪɜɨɦ ɩɟɪɟɯɨɞɟ;  𝜀ˋːˇ - ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɬɚɧɤɚ (𝜀ˋːˇ = 0,01ɦɦ).   Ɍɨɝɞɚ ɨɫɬɚɬɨɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ:    
 𝜀௬.˚ˋ˔˕. = Ͳ,ͲͶ ∙ ͳͳͶ,ʹ + ͳͲ = ͳͶ,͸ɦɤɦ 
 
5.4.  ɋɢɥɨɜɨɣ ɪɚɫɱɟɬ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 
 
           ɇɚ ɞɟɬɚɥɶ ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ ɪɟɡɚɧɢɹ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɢɥ 
ɡɚɠɢɦɚ ɜɵɛɟɪɟɦ ɧɚɢɯɭɞɲɢɣ ɜɚɪɢɚɧɬ. ɋɢɥɚ Pz = 227ɇ ɫɬɪɟɦɢɬɫɹ ɫɞɜɢɧɭɬɶ ɞɟɬɚɥɶ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɢɥɚ Pх = 114ɇ ɫɬɪɟɦɢɬɫɹ ɫɞɜɢɧɭɬɶ ɞɟɬɚɥɶ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɢɥɚ Py = 153ɇ ɫɬɪɟɦɢɬɫɹ ɩɪɢɩɨɞɧɹɬɶ ɞɟɬɚɥɶ (ɜɟɥɢɱɢɧɵ ɫɢɥ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ 
ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ). ɋɦɟɳɟɧɢɸ ɞɟɬɚɥɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɩɪɟɩɹɬɫɬɜɭɸɬ ɫɢɥɵ ɪɟɚɤɰɢɢ ɭɫɬɚɧɨɜɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɢɥɚ ɬɹɠɟɫɬɢ ɞɟɬɚɥɢ, ɫɢɥɵ 
ɡɚɠɢɦɚ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɭɫɬɚɧɨɜɨɱɧɵɟ ɩɚɥɶɰɵ ɧɟɨɛɯɨɞɢɦɨ, 
ɱɬɨɛɵ ɫɦɟɳɟɧɢɸ ɞɟɬɚɥɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɟɩɹɬɫɬɜɨɜɚɥɢ ɫɢɥɵ ɬɪɟɧɢɹ 
ɦɟɠɞɭ ɞɟɬɚɥɶɸ ɢ ɭɫɬɚɧɨɜɨɱɧɵɦɢ ɲɚɣɛɚɦɢ ɢ ɦɟɠɞɭ ɞɟɬɚɥɶɸ ɢ ɡɚɠɢɦɚɸɳɢɦɢ 
ɷɥɟɦɟɧɬɚɦɢ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɡɚɠɢɦɚ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɫɬɚɬɢɤɢ  ɧɚ 
ɪɚɜɧɨɜɟɫɢɟ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. 
         ɋɨɫɬɚɜɥɹɟɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɢ ɪɟɲɚɟɦ ɟɟ. Ɍɚɤ ɤɚɤ ɱɢɫɥɨ ɨɩɨɪ ɢ 
ɡɚɠɢɦɨɜ ɪɚɜɧɨ ɱɟɬɵɪɟɦ, ɬɨ: 
 ∑ܻ = 𝑃௬ + Ͷ𝑅 − Ͷܹ − ܩ = Ͳ; (155) ∑ܼ = 𝑃௭ − Ͷ݂𝑅 − Ͷ݂ܹ = Ͳ, ɝɞɟ (156) 
Py = 153ɇ; 
Pz = 227ɇ – ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɢɥɵ ɪɟɡɚɧɢɹ; 
RA = RB = R – ɪɟɚɤɰɢɢ ɨɩɨɪ, ɇ; 
WA = WB = W – ɫɢɥɵ ɡɚɠɢɦɚ, ɇ. 
 
G = m ∙ g = 20,7 ∙ 9,8 = 203ɇ, ɝɞɟ (157) 
G – ɫɢɥɚ ɬɹɠɟɫɬɢ; 
f  = 0,3 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ. 
 ܹ = 𝑃೥ସ௙ − 𝑅; (158) 
 𝑅 = 𝑃೥଼௙ + ீ଼ − 𝑃೤଼ = ଶଶ଻଼∙଴,ଷ + ଶ଴ଷ଼ − ଵହଷ଼ = ͳͲͳɇ 
 
(159) 
 ܹ = ଶଶ଻ସ∙଴,ଷ − ͳͲͳ = ͺͻɇ. 
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     ɇɟɨɛɯɨɞɢɦɚɹ ɫɢɥɚ ɡɚɠɢɦɚ ɪɚɜɧɚ: 
 ܹ′ = ܹܭ = ͺͻ ∙ ʹ,͸ = ʹ͵ͷɇ, ɝɞɟ (160) 
6,26543210  КККККККК , ɝɞɟ (161) 
К - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɱɟɪɧɨɜɨɣ ɨɛɪɚɛɨɬɤɢ; 
Кɨ =1,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɡɚɩɚɫɚ; 
К1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɫɢɥ ɪɟɡɚɧɢɹ ɢɡ-ɡɚ ɫɥɭɱɚɣɧɵɯ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ; 
К2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɫɢɥ ɪɟɡɚɧɢɹ ɜ ɫɥɟɞɫɬɜɢɢ 
ɡɚɬɭɩɥɟɧɢɹ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ; 
К3 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɫɢɥ ɪɟɡɚɧɢɹ ɩɪɢ ɩɪɟɪɵɜɢɫɬɨɦ ɪɟɡɚɧɢɢ, ɩɪɢ ɩɪɟɪɵɜɢɫɬɨɦ ɬɨɪɰɟɜɨɦ  ɮɪɟɡɟɪɨɜɚɧɢɢ; 
К4 – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɩɨɫɬɨɹɧɫɬɜɨ ɫɢɥɵ ɡɚɤɪɟɩɥɟɧɢɹ  ɜ ɡɚɠɢɦɧɨɦ ɦɟɯɚɧɢɡɦɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ; 
К5 – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɷɪɝɨɧɨɦɢɤɭ ɪɭɱɧɵɯ ɡɚɠɢɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. 
     ȼ ɤɚɱɟɫɬɜɟ ɡɚɠɢɦɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɜɵɛɢɪɚɟɦ  ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɡɚɠɢɦ ɫ ɩɟɪɟɞɜɢɠɧɵɦ ɩɪɢɯɜɚɬɨɦ.  
         Ɋɚɫɫɱɢɬɚɟɦ ɞɢɚɦɟɬɪ ɲɩɢɥɶɤɢ. ɋɢɥɚ, ɫ ɤɨɬɨɪɨɣ ɞɨɥɠɟɧ ɞɟɣɫɬɜɨɜɚɬɶ 











  , ɝɞɟ 
(162) 
 
l1, l2 - ɩɥɟɱɨ ɩɪɢɯɜɚɬɚ ɨɬ ɲɬɨɤɚ ɞɨ ɲɩɢɥɶɤɢ ɢ ɨɬ ɲɩɢɥɶɤɢ ɞɨ ɩɪɢɠɢɦɚɸɳɟɣ ɝɭɛɤɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ; 
      η = 0,95 – ɄɉȾ, ɭɱɢɬɵɜɚɸɳɟɟ ɫɢɥɵ ɬɪɟɧɢɹ. 






1934,14,1   , ɝɞɟ 
(163) 
ɪ - ɧɚɩɪɹɠɟɧɢɟ ɪɚɫɬɹɠɟɧɢɹ (ɫɠɚɬɢɹ) ɦɚɬɟɪɢɚɥɚ ɜɢɧɬɚ, Ɇɉɚ. Ɉɤɪɭɝɥɹɟɦ ɦɦd 10 . 






19322   . 
(164) 
 
 ȼɵɛɢɪɚɟɦ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɣ ɞɢɚɦɟɬɪ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɦɦD 16 . 
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ȼ ɯɨɞɟ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɣ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɹ. ȼɵɛɪɚɧɵ ɦɟɬɨɞɵ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ.  
ɉɪɟɞɫɬɚɜɥɟɧɵ ɜɚɪɢɚɧɬɵ ɫɯɟɦ ɛɚɡɢɪɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɜ ɩɪɨɰɟɫɫɟ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɉɫɭɳɟɫɬɜɥɟɧ ɜɵɛɨɪ ɷɤɨɧɨɦɢɱɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɨɥɭɱɟɧɢɹ 
ɡɚɝɨɬɨɜɤɢ. ɉɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɢ ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɬɨɱɧɨɫɬɢ ɤɨɪɩɭɫɚ. 
ɉɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɤɨɪɩɭɫɚ, ɛɚɡɢɪɭɸɳɟɝɨɫɹ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɚɯ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɩɪɟɞɥɨɠɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ ɦɧɨɝɨɰɟɥɟɜɨɝɨ ɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɫɬɚɧɤɚ 800VHT ɫ 
ɑɉɍ ɢ ɫ Ⱥɋɂ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɞɟɬɚɥɢ ɢ ɫɨɤɪɚɳɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɨɩɟɪɚɰɢɣ. 
Ɋɚɫɱɟɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚɡɧɚɱɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɩɨɫɬɪɨɟɧɢɹ ɨɩɟɪɚɰɢɣ. 
ȼɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɨɠɢɞɚɟɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɣ 
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ɋɯɟɦɚ ɫɛɨɪɤɢ ɪɟɞɭɤɬɨɪɚ 
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Íåóêàçàííûå ëèòåéíûå ðàäèóñû 2 ìì1.
Ëèòåéíûå óêëîíû 3...5°2.
Îáðàáîòêó ïî ðàçìåðàì â êâàäðàòíûõ ñêîáêàõ ïðîèçâîäèòü 3.
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Íåóêàçàííûå ïðåäåëüíûå îòêëîíåíèÿ ðàçìåðîâ: Í14,h14, JT14/27.








































































































КПД привода ηпр = 0,917.
ßó—ûöó„øöó �…óîüïíûöÞ
1.      Ûóñ�ùö…üïø� ûí�ÞôóûöÞ …óúûÞ ÿ…üïüòö�Ð îüù�íúö ÿüõ. 6
2.     Úó…óøü„ ö ü„óïüó „úóóûöó „…óòûö— …íîüö— ÿùü„øü„�ó÷ 
øöïüï ûó îüùóó 0,6/100 úú/úú 1 úú.
3.      Úó…óò ×ø„ÿù�í�íöó÷ …óúóûû�Ý ÿó…óòí� õíø…¹�Ð øüô�—üú
(�„ùüïûü ûó ÿüøíõíû).































































































 40 k6 
 80 H7 
 25 k6 
 19 p6 
 33 p6 
 48 H7/p6 
 52 H7 


























































Ë…ííÝö÷ úüúóû� ûí �ö—ü—üòûüú ïíù� 107 Øú1.
Úó…óòí�üûüó ö„ùü …óò�ø�ü…í 5,62.
äí„�ü�í ï…íóûöÞ î¹„�…ü—üòûüñü ïíùí 697 üî/úöû3.
ßó—ûöó„øöó �…óîüïíûöÞ
1.  Ûíõúó…¹ òùÞ „ÿ…íïüø
2.  Ûóò�ø�ü… õíùö�Ð úí„ùüú Ò-Ì-É-32 ÌÙÜß 20799-75
3. Íüÿ�„øíó�„Þ ×ø„ÿù�í�ö…üïí�Ð …óò�ø�ü… „ ü�øùüûóûöóú ü� 
ñü…öõüû�íùÐûüñü ÿüùüôóûöÞ òü 5 , ÿ…ö ×�üú òüùôóû î¹�Ð üîó„ÿóóû 



































































1,2 3 4 5
 5 îòâ. 10,50 
Îïåðàöèÿ 005  Óñòàíîâ 1 "Ôðåçåðíî-ñâåðëèëüíàÿ "
Îáîðóäîâàíèå: ìíîãîôóíêöèîíàëüíûé òîêàðíûé ñâåðëèëüíî-ôðåçåðíî-ðàñòî÷íîé ñòàíîê ñ ïîâîðîòíûì øïèíäåëåì ìîä. 800VHT ñ ×ÏÓ è ÀÑÈ
Ïåðåõîä ¹ èíñòð. Èíñòðóìåíò
Ðåæèìû ðåçàíèÿ
t. ìì S, ìì n, îá/ìèí V, ì/ìèí
1. Ôðåçåðîâàòü ïðåäâàðèòåëüíî ïëîñêîñòü îñíîâàíèÿ, 
âûäåðæèâàÿ ðàçìåð 120,7  0,3 ìì 1
Ôðåçà òîðöîâàÿ RA245-051Ê19-12Ì 
ïëàñòèíû ÷åðíîâûå R245-12T3 M-KH 
3330
1,1 0,2 380 1920
2. Ôðåçåðîâàòü îêîí÷àòåëüíî ïëîñêîñòü îñíîâàíèÿ, 
âûäåðæèâàÿ ðàçìåð 120,7  0,3 ìì 1
Ôðåçà òîðöîâàÿ RA245-051Ê19-12Ì 
ïëàñòèíû ÷èñòîâûå R245-12T3 Å-KL 
1020
0,5 0,13 413 2090
3. Ñâåðëèòü 5 îòâ. 8 ìì â ïëîñêîñòè îñíîâàíèÿ 2 Ñâåðëî 870-1050-7-ÐÌ 4234 12 0,21 1300 98
4. Çåíêåðîâàòü 5 îòâ. 10,5 ìì â ïëîñêîñòè îñíîâàíèÿ 3 Çåíêåð R429.90-08-037-06-AB 8,5 0,31 145 91
5. Ðàçâåðíóòü 1 îòâ. 10,7 ìì â ïëîñêîñòè îñíîâàíèÿ 4 Òâåðäîñïëàâíàÿ ãîëîâêà äëÿ ðàçâåðòûâàíèÿ 830B-E06D1000H7S12A4 25 0,16 212 74
6. Ôðåçåðîâàòü 1 îòâ. â ïëîñêîñòè îñíîâàíèÿ, âûäåðæèâàÿ 






























































































































































9 Ãàéêà Ì10 ÃÎÑÒ 5915-70 10
Ñòîïîðíûå êîëüöà DIN 471:
10 19õ1,2 1
11 22õ1,2 1
Øàéáû 10 ÃÎÑÒ 6402-70 1012
Øàéáà 10 ÃÎÑÒ 11371-68 20
14 Øïîíêà 6õ5õ18 2
15 Øïîíêà 10õ8õ32 1
16 Ìóôòà çóá÷àòàÿ 1
17 Ðåìåíü óçêîêëèíîâîé ÓÎ 2
18 Ýëåêòðîäâèãàòåëü ÀÈÐ80Â4 1
13

















































































































































































































































25 ÊÏÄÌ.01.024 Êîìïåíñàöèîííîå êîëüöî 2
ÃÎÑÒ 4751-73
Ðûì-áîëò
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